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© A catalyst for polymerizing an olefin which con- 
sists essentially of a product obtained by contacting 

(A) a metallocene-type transition metal compound, 

(B) at least one member selected from the group 
consisting of clay, clay minerals, ion exchanging 
layered compounds, diatomaceous earth, silicates 
and zeolites, and (C) an organic aluminum com- 
pound. 
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The present invention relates to a catalyst for 
polymerizing an olefin and a method for producing 
an olefin polymer in good yield by means of the 
catalyst. 

For the production of an olefin polymer by 
polymerizing an olefin in the presence of a catalyst, 
a method has been proposed wherein a catalyst 
comprising (1) metallocene and (2) aluminoxane is 
employed (Japanese Unexamined Patent Publica- 
tions No. 019309/1983 and No. 167307/1990). Ac- 
cording to the polymerization method using such a 
catalyst, the polymerization activities per transition 
metal are very high as compared with a method of 
using a conventional Ziegler-Natta catalyst com- 
prising a titanium compound or a vanadium com- 
pound and an organic aluminum compound, and it 
is thereby possible to obtain a polymer having a 
narrow molecular weight distribution. However, in 
order to obtain adequate polymerization activities 
by means of such a catalyst, a large amount of 
aluminoxane is required, and the polymerization 
activities per aluminum are low, such being un- 
economical. Besides, it is necessary to remove the 
catalyst residue from the formed polymer. 

On the other hand, a method has been pro- 
posed wherein polymerization of an olefin is con- 
ducted by means of a catalyst having one or both 
of the above transition metal compound and the 
aluminoxane carried on an inorganic oxide such as 
silica or alumina (Japanese Unexamined Patent 
Publications No. 108610/1986, No. 135408/1985, 
No. 296008/1986, No. 74412/1991 and No. 
74415/1991). 

Further, a method has been proposed wherein 
polymerization of an olefin is conducted by means 
of a catalyst having one or both of the above 
transition metal compound and an organic alumi- 
num compound carried on an inorganic oxide such 
as silica or alumina or on an organic material 
(Japanese Unexamined Patent Publications No. 
101303/1989, No. 207303/1989, No. 234709/1991 
and No. 234710/1991 and Japanese PCT Publica- 
tion No. 501869/1991). 

However, by these methods, the polymerization 
activities per aluminum are still inadequate, and the 
amount of the catalyst residue in the product is not 
negligible. 

The present inventors have conducted exten- 
sive studies to solve the above problems, and as a 
result, have found that a product obtained by con- 
tacting a metallocene-type transition metal com- 
pound and an organic aluminum compound on a 
certain specific carrier, exhibits adequately high 
polymerization activities per transition metal and 
per aluminum. The present invention has been 
accomplished on the basis of this discovery. 

Thus, the present invention provides a catalyst 
for polymerizing an olefin which consists essen- 



tially of a product obtained by contacting (A) a 
metallocene-type transition metal compound, (B) at 
least one member selected from the group consist- 
ing of clay, clay minerals, ion exchanging layered 

5 compounds, diatomaceous earth, silicates and 
zeolites, and (C) an organic aluminum compound. 

Further, the present invention provides a meth- 
od for producing an olefin polymer, which com- 
prises homopolymerizing or copolymerizing an 

io olefin in the presence of a catalyst consisting es- 
sentially of a product obtained by contacting (A) a 
metallocene-type transition metal compound, (B) at 
least one member selected from the group consist- 
ing of clay, clay minerals, ion exchanging layered 

75 compounds, diatomaceous earth, silicates and 
zeolites, and (C) an organic aluminum compound, 
and, if necessary, (D) an organic aluminum com- 
pound. 

Now, the present invention will be described in 
20 detail with reference to the preferred embodiments. 

The metallocene-type transition metal com- 
pound of component (A) to be used in the catalyst 
of the present invention, is an organometallic com- 
pound composed of a cyclopentadienyl-type ligand 
25 which may be substituted, i.e. a cyclopentadienyl 
ring-containing ligand wherein substituents may 
bond to form a ring, and a transition metal of Group 
4, 5 or 6 of the long-form Periodic Table. 

Preferred as such a metallocene-type transition 
30 metal compound is a compound of the following 
formula (1) or (2): 

R , m (CpR 2 n )(CpR 2 n )MR3 2 (1) 
35 [R^tCpR^XCpR^MRW]*^- (2) 

wherein each of (CpR 2 n ) which may be the same or 
different, is a cyclopentadienyl group or a substi- 
tuted cyclopentadienyl group, R 1 is a covalent 

40 bond crosslinking group containing an element of 
Group 14 of the long-form Periodic Table such as 
carbon, silicon or germanium, each of R 2 which 
may be the same or different, is hydrogen, halo- 
gen, a silicon-containing group, a C1-20 

45 hydrocarbon group which may have a halogen sub- 
stituent, an alkoxy group or an aryloxy group, pro- 
vided that when two R 2 are located on two adjacent 
carbon atoms on the cyclopentadienyl group, they 
may bond to each other to form a C4 -& ring, each 

50 of R 3 which may be the same or different, is 
hydrogen, halogen, a silicon-containing group, a 
C1 -20 hydrocarbon group which may have a halo- 
gen substituent, an alkoxy group or an aryloxy 
group, m is 0 or 1, each n is an integer satisfying 

55 m + n = 5, M is a metal of Group 4, 5 or 6 of the 
long-form Periodic Table, R 4 is a neutral ligand 
coordinated to M, and R 5 ~ is a counter anion 
capable of stabilizing said metal cation. 
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In the formula (1) or (2), R t is a covalent bond 
crosslinking group containing an element of Group 
14 of the long-form Periodic Table such as carbon, 
silicon or germanium, and it links two cyclopen- 
tadienyl ring-containing groups of the formula 
CpR 2 n . 

Specifically, it may be an alkylene group such 
as a methylene group or an ethylene group, an 
alkylidene group such as an ethylidene group, a 
propylidene group, an isopropylidene group, a phe- 
nyl methylidene group or a diphenylmethylidene 
group, a silicon-containing crosslinking group such 
as a dimethylsilylene group, diethylsilylene group, 
a dipropylsilylene group, a diisopropylsilylene 
group, a diphenylsilylene group, a methylethyl- 
silylene group, a methylphenylsilylene group, a 
methylisopropylsilylene group or a methyl-t-butyl- 
silylene group, a germanium-containing crosslin- 
king group such as a dimethyl germilene group, a 
diethylgermilene group, a dipropylgermilene group, 
a diisopropylgermilene group, a diphenylgermilene 
group, a methylethylgermilene group, a methyl- 
phenylgermilene group, a methylisopropylger- 
milene group or a methyl-t-butylgermilene group, 
an alkylphosphine, or an amine. Among them, an 
alkylene group, an alkylidene group and a silicon- 
containing crosslinking group are particularly pre- 
ferred. 

Each of CpR 2 n which may be the same or 
different, is a cyclopentadietnyl group or a substi- 
tuted cyclopentadietnyl group. Here, each of R 2 
which may be the same or different, is hydrogen, 
halogen such as fluorine, chlorine, bromine or io- 
dine, a silicon-containing group such as trimethyl- 
silyl, triethylsilyl or triphenylsilyl, a Ci -20 hydrocar- 
bon group which may have a halogen group, such 
as methyl, ethyl, propyl, butyl, isobutyl, pentyl, 
isopentyl, hexyl, heptyl, octyl, nonyl, decyl, phenyl, 
chloromethyl or chloroethyl, an alkoxy group such 
as methoxy, ethoxy, propoxy or butoxy, or an ar- 
yloxy group such as phenoxy, methylphenoxy or 
pentamethylphenoxy. 

Here, when two R 2 are located on two adjacent 
carbon atoms on the cyclopentadienyl ring, they 
may bond to each other to form a C 4 -& ring, such 
as indenyl, tetrahydroindenyl, fluorenyl or oc- 
tahydrofluorenyl. 

Among them, particularly preferred as R 2 are 
hydrogen, a methyl group and a hydrocarbon 
group wherein two R 2 bond to each other to form 
indenyl, tetrahydroindenyl, fluorenyl or oc- 
tahydrofluorenyL 

Each of R 3 which may be the same or dif- 
ferent, is hydrogen, halogen such as fluorine, chlo- 
rine, bromine or iodine, a silicon-containing group 
such as trimethylsilyl, triethylsilyl or triphenylsilyl, a 
C1 -20 hydrocarbon group which may have a halo- 
gen substituent, such as methyl, ethyl, propyl, 



butyl, isobutyl, pentyl, isopentyl, hexyl, heptyl, oc- 
tyl, nonyl, decyl, phenyl, chloromethyl or 
chloroethyl, an alkoxy group such as methoxy, 
ethoxy, propoxy or butoxy, or an aryloxy group 

5 such as phenoxy, methylphenoxy or pentamethyl- 
phenoxy. Particularly preferred are hydrogen, chlo- 
rine and a methyl group. 

m is 0 when two cyclopentadienyl rings are not 
bonded by R 1 and 1 when bonded. Each n is 4 

70 when m is 1 and 5 when m is 0. 

M is a metal of Group 4, 5 or 6 of the long- 
form Periodic Table, such as titanium, zirconium, 
hafnium, vanadium, niobium, tantalum, chromium, 
molybdenum or tungsten. Particularly preferred is 

;s titanium, zirconium or hafnium. 

R 4 is a neutral ligand coordinated to M, such 
as tetrahydrofuran. R s ~ is a counter anion which is 
capable of stabilizing the metal cation in the above 
formula (2), such as tetraphenyl borate, tetra(p- 

20 tolyl) borate, carbadodeca borate or dicarbaundeca 
borate. 

The catalyst of the present invention is capable 
of producing any one of an isotactic polymer, a 
syndiotactic polymer and an atactic polymer. 
25 Taking zirconium as an example, specific ex- 

amples of the above metallocene-type transition 
metal compound corresponding to the formula (1) 
include 

bis(methylcyclopentadienyl)zirconium dichloride, 
30 bis(ethylcyclopentadienyl)zirconium dichloride, 
bis(methylcyclopentadienyl)zirconium dimethyl, 
bis(ethylcyclopentadienyl)zirconium dimethyl, 
bis(methylcyclopentadienyl)zirconium dihydride, 
bis(ethylcyclopentadienyl)zirconium dihydride, 
35 bis(dimethylcyclopentadienyl)zirconium dichloride, 
bis(trimethylcyclopentadienyl)zirconium dichloride, 
bis(tetramethylcyclopentadienyl)zirconium dichlo- 
ride, 

bis(ethyltetramethylcyclopentadienyl)zirconium di- 
40 chloride, bis(indenyl)zirconium dichloride, 

bis(dimethylcyclopentadienyl)zirconium dimethyl, 
bis(trimethylcyclopentadienyl)zirconium dimethyl, 
bis(tetramethylcyclopentadienyl)zirconium dimethyl, 
bis(ethyltetramethylcyclopentadienyl)zirconium 
45 dimethyl, 

bis(indenyl)zirconium dimethyl, 
bis{dimethylcyclopentadienyl)zirconium dihydride, 
bis(trimethylcycIopentadienyl)zirconium dihydride, 
bis(ethyltetramethylcyclopentadienyl)zirconium 
50 dihydride, 

bis(trimethy!silylcyclopentadienyl)zirconium 
dimethyl, 

bis(trimethylsilylcyclopentadienyl)zirconium 
dihydride, 

55 bis(trifluoromethylcyclopentadienyl)zirconium di- 
chloride, 

bis{trifluoromethylcyclopentadienyl)zirconium 
dimethyl, 
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bis(trifluoromethylcyclopentadienyl)zirconium 
dihydride, 

isopropylidene-bis(indenyl)zirconium dichloride, 
isopropylidene-bis(indenyl)zirconium dimethyl, 
isopropylidene-bis(indenyl)zirconium dihydride, 
pentamethylcyclopentadienyl(cyclopentadienyl)- 
zirconium dichloride, 

pentamethylcyclopentadienyl(cyclopentadienyl)- 
zirconium dimethyl, 

pentamethylcyclopentadienyl(cyclopentadienyl)- 
zirconium dihydride, 

ethyltetramethylcyclopentadienyl(cyclopentadienyl)- 
zirconiumdihydride, 

isopropylidene(cyclopentadienyl)(fluorenyl)- 
zirconium dichloride, 

isopropylidene(cyclopentadienyl)(fluoreny!)- 
zirconium dimethyl, 

dimethylsilyl(cyclopentadienyl)(fluorenyl)zirconium 
dimethyl, 

isoproplyIidene(cyclopentadienyl)(fluorenyl)- 
zirconium dihydride, bis(cyclopentadienyl)zirconium 
dichloride, 

bis(cyclopentadienyl)zirconium dimethyl, 
bis(cyclopentadienyl)zirconium diethyl, 
bis(cyclopentadienyl)zirconium dipropyl, 
bis(cyclopentadienyl)zirconium diphenyl, 
methylcyclopentadienyl(cyclopentadienyl)zirconium 
dichloride, 

ethylcyclopentadienyl(cyclopentadienyl)zirconium 
dichloride, 

methylcyclopentadienyl(cyc!opentadienyl)zirconium 
dimethyl, 

ethylcyclopentadienyl(cyclopentadienyl)zirconium 
dimethyl, 

methylcyclopentadienyl(cyclopentadienyl)zirconium 
dihydride, 

ethylcyclopentadienyl(cyclopentadienyl)zirconium 
dihydride, 

dimethyfcyclopentadienyl(cyclopentadienyl)- 
zirconium dichloride, 

trimethylcyclopentadienyl(cyclopentadienyl)- 
zirconium dichloride, 

tetramethylcyclopentadienyl(cyclopentadienyl)- 
zirconium dichloride, bis- 

(pentamethylcyclopentadienyl)zirconium dichloride, 
tetramethylcyclopentadienyl(cyclopentadienyl)- 
zirconium dichloride, indenyl(cyclopentadienyl)- 
zirconium dichloride, 

dimethylcyclopentadienyl(cyclopentadienyl)- 
zirconium dimethyl, 

trimethylcyclopentadienyl(cyclopentadienyl)- 
zirconium dimethyl, 

tetramethylcyclopentadienyl(cyclopentadienyl)- 
zirconium dimethyl, bis- 

(pentamethylcyclopentadienyl)zirconium dimethyl, 
ethyltetramethylcyclopentadienyl(cyclopentadienyl)- 
zirconium dimethyl, indenyl(cyclopentadienyl)- 
zirconium dimethyl, 



dimethylcyclopentadienyl(cyclopentadienyl)- 
zirconium dihydride, 

trimethylcyclopentadienyl(cyclopentadienyl)- 
zirconium dihydride, bis- 

5 (pentamethylcyclopentadienyl)zirconium dihydride, 
indeny!(cyclopentadienyl)zirconium dihydride, 
trimethylsilylcyclopentadienyl(cyclopentadienyl)- 
zirconium dimethyl, 

trimethylsilylcyclopentadienyl(cyclopentadienyl)- 
10 zirconium dihydride, 

trifluoromethylcyclopentadienyl(cyclopentadienyl)- 
zirconium dichloride, 

trifluoromethylcyclopentadienyl(cyclopentadienyl)- 
zirconium dimethyl, 
75 trifluoromethylcyclopentadienyl(cyclopentadienyl)- 
zirconium dihydride, 

bis(cyclopentadienyl)(trimethylsilyl)(methyl)- 
zirconium, 

bis(cyclopentadienyl)(triphenylsilyl)(methyl)- 
20 zirconium, 

bis(cyclopentadienyl)[tris(dimethylsilyl)silyl]- 
(methyl)zirconium, 

bis(cyclopentadienyl)[bis(methylsilyl)silyl](methyl)- 
zirconium, 

25 bis(cyclopentadienyl)(trimethylsilyl)- 
(trimethylsilylmethyl)zirconium, 
bis(cyclopentadienyl)(trimethylsilyl)(benzyl)- 
zirconium, 

methylene-bis(cyc!opentadienyl)zirconium dichlo- 
30 ride, 

ethylene-bis(cyclopentadienyl)zirconium dichloride, 
isopropylidene-bis(cyclopentadienyl)zirconium di- 
chloride, 

dimethylsilyl-bis(cyclopentadienyl)zirconium dichlo- 
35 ride, 

methylene-bis(cyclopentadienyl)zirconium dimethyl, 
ethylene-bis(cyclopentadienyl)zirconium dimethyl, 
isopropylidene-bis(cycfopentadienyl)zirconium 
dimethyl, 

40 dimethylsilyl-bis(cyclopentadienyl)zirconium 
dimethyl, 

methylene-bis(cyclopentadienyl)zirconium 
dihydride, 

ethylene-bis(cyclopentadienyl)zirconium dihydride, 
45 isopropylidene-bis(cyclopentadienyl)zirconium 

dihydride and dimethylsilyl-bis(cyclopentadienyl)- 
zirconium dihydride. 

Further, those corresponding to the formula (2) 
include a 

so bis(methylcyclopentadienyl)zirconium(chloride)- 
(tetraphenylborate)tetrahydrofuran complex, a 
bis{ethylcyclopentadienyl)zirconium(chIoride)- 
(tetraphenylborate)tetrahydrofuran complex, a 
bis(methylcyclopentadienyl)zirconium(methyl)- 

55 (tetraphenylborate)tetrahydrofuran complex, a 
bis(ethylcyc1opentadienyl)zirconium(methyl)- 
tetraphenylborate)tetrahydrofuran complex, a 
bis(methylcyclopentadienyl)zirconium(hydride)- 
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(tetraphenylborate)tetrahydrofuran complex, a 
bis(ethylcyclopentadienyl)zirconium(hydride)- 
(tetraphenylborate)tetrahydrofuran complex, a 
bis(dimethylcyclopentadienyl)2irconium(chloride)- 
(tetraphenylborate)tetrahydrofuran complex, a 
bis(trimethylcyclopentadienyl)zirconium(chloride>- 
(tetrapheny I borate)! etrahydrofuran complex, a 
bis(tetramethylcyclopentadienyl)zirconium- 
(chloride)(tetraphenylborate)tetrahydrofuran com- 
plex, a 

bis(ethyltetramethylcyclopentadienyl)zirconium- 
(chloride)(tetraphenylborate)tetrahydrofuran com- 
plex, a 

bis(indenyl)zirconium(chloride)(tetraphenylborate)- 
tetrahydrofuran complex, a 
bis(dimethylcyclopentadienyl)zirconium(methyl)- 
(tetraphenylborate)tetrahydrofuran complex, a 
bis(trimethylcyclopentadienyl)zirconium(methyl)- 
(tetraphenylborate)tetrahydrofuran complex, a 
bis(tetramethylcyclopentadienyl)zirconium(methyl)- 
(tetraphenylborate)tetrahydrofuran complex, a 
bis(ethyltetramethylcyclopentadienyl)zirconium- 
(methyl)tetraphenylborate)tetrahydrofuran complex, 
a 

bis(indenyl)zirconium(methyl)(tetraphenyiborate)- 
tetrahydrofuran complex, a 
bis(dimethylcyclopentadienyl)zirconium(hydride)- 
(tetraphenylborate)tetrahydrofuran complex, a 
bis(trimethylcyclopentadienyl)zirconium(hydride)- 
(tetraphenylborate)tetrahydrofuran complex, a 
bis(ethyltetramethylcyclopentadienyl)zirconium- 
(hydride)(tetraphenylborate)tetrahydrofuran com- 
plex, a 

bis(trimethylsilylcyclopentadienyl)zirconium- 
(methyl)(tetraphenylborate)tetrahydrofuran complex, 
a 

bis(trimethylsilylcyclopentadienyl)zirconium- 
(hydride)(tetraphenylborate)tetrahydrofuran com- 
plex, a 

bis(trifluoromethylcyclopentadienyl)zirconium- 
(methyl)(tetraphenylborate)tetrahydrofuran complex, 
a 

bis(trifluoromethylcyclopentadienyl)zirconium- 
(hydride)(tetraphenylborate)tetrahydrofuran com- 
plex, an isopropylidene- 

bis(indenyl)zirconium(chloride)(tetraphenylborate)- 
tetrahydrofuran complex, an isopropylidene- 
bis(indenyl)zirconium(methyl)(tetraphenylborate)- 
tetrahydrofuran complex, an isopropylidene- 
bis(indenyl)zirconium(hydride)(tetraphenylborate)- 
tetrahydrofuran complex, a 
pentamethylcyclopentadienyl(cyclopentadienyl)- 
zirconium (chloride)(tetraphenylborate)- 
tetrahydrofuran complex, an 
ethyltelramethylcyclopentadienyl(cyclopentadienyl)- 
zirconium(chloride)(tetraphenylborate)- 
tetrahydrofuran complex, a 
pentamethylcyclopentadienyl(cyclopentadienyl)- 



zirocnium(methyl)(tetraphenylborate)tetrahydrofuran 
complex, an 

ethyltetramethylcyclopentadienyl(cyclopentadienyl)- 

zirconium(methyl)(tetraphenylborate)tetrahydrofuran 
5 complex, a 

pentamethylcyclopentadienyl(cyclopentadienyl)- 

zirconium(hydride)(tetraphenylborate)- 

tetrahydrofuran complex, an 

ethyltetramethylcyclopentadienyl(cyclopentadienyl)- 
70 zirconium(hydride)(tetraphenylborate)- 

tetrahydrofuran complex, an 

isopropylidene(cyclopentadienyl)(fluorenyl)- 

zirconium(ch lor ide)(tetrapheny Iborate)- 

tetrahydrofuran complex, an 
75 rsopropylidene(cyclopentadienyl)(fluorenyl)- 

zirconium(methyl)(tetraphenylborate)tetrahydrofuran 

complex, an 

isopropylidene(cyclopentadienyl)(fluorenyl)- 
zirconium(hydride)(tetraphenylborate)- 

20 tetrahydrofuran complex, a 

bis(cyclopentadienyl)zirconium(chloride)- 
(tetraphenylborate)tetrahydrofuran complex, a 
bis(cyclopentadienyl)(methyl)zirconium- 
(tetraphenylborate)tetrahydrofuran complex, a 

25 bis(cyclopentadienyl)(ethyl)zirconium- 

(tetraphenylborate)tetrahydrofuran complex, a 
bis(cyclopentadienyl)(propyl)zirconium- 
(tetraphenylborate)tetrahydrofuran complex, a bis- 
(cyclopentadienyl)(phenyl)zirconium- 

30 (tetraphenylborate)tetrahydrofuran complex, a 
methylcyclopentadienyl(cyclopentadienyl)- 
zirconium(chloride)(tetraphenylborate)- 
tetrahydrofuran complex, an 
ethylcyclopentadienyl(cyclopentadienyl)- 

35 zirconiumchloride(tetraphenyiborate)tetrahydrofuran 
complex, a 

bis(ethylcyclopentadienyl)zirconium(chloride)- 
(tetraphenylborate)tetrahydrofuran complex, a 
methylcyclopentadienyl(cyclopentadienyl)- 
40 zirconium(methyl)(tetraphenylborate)tetrahydrofuran 
complex, an 

ethylcyclopentadienyl(cyclopentadieny)zirconium- 
(methyl)(tetraphenylborate)tetrahydrofuran complex, 
a 

45 methylcyclopentadienyl(cyclopentadienyl)- 
zirconium(hydride)(tetraphenylborate)- 
tetrahydrofuran complex, an 
ethylcyclopentadienyl(cyclopentadienyl)zirconium- 
(hydride)(tetraphenylborate)tetrahydrofuran com- 

50 plex, a 

dimethylcyclopentadienyl(cyclopentadienyl)- 
zirconium(chloride)(tetraphenylborate)- 
tetrahydrofuran complex, a 
trimethylcyclopentadienyl(cyclopentadienyl)- 

55 zirconium(chloride)(tetraphenylborate)- 
tetrahydrofuran complex, a 
tetramethylcyclopentadienyl(cyclopentadienyl)- 
zirconium(chloride)(tetraphenylborate)- 
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tetrahydrofuran complex, a 
bis(pentamethylcyclopentadienyl)zirconium- 
(ch!oride)(tetrapheny!borate)tetrahydrofuran com- 
plex, an 

indenyl(cyclopentadienyl)zirconium(chloride)~ 
(tetraphenylborate)tetrahydrofuran complex, a 
dimethylcyclopentadienyl(cyclopentadienyl)- 
zirconium(methyl)(tetraphenylborate)tetrahydrofuran 
complex, a 

trimethylcyclopentadienyl(cyclopentadienyl)- 
zirconium(methyl)(tetraphenylborate)tetrahydrofuran 
complex, a 

tetramethylcyclopentadienyl(cyclopentadienyl)- 
zircon ium(methyl)(tetraphenylborate)tetrahydrofuran 
complex, a 

bis(pentamethylcyclopentadieny!)zirconium- 
(methyl)tetraphneylborate)tetrahydrofuran complex, 
a 

cyclopentadienyl(indenyl)zirconium(methyl)- 
(tetraphenylborate)tatrahydrofuran complex, a 
dimethylcyclopentadienyl(cyclopentadienyl)- 
zirconium(hydride)(tetraphenylborate)- 
tetrahydrofuran complex, a 
trimethylcyclopentadienyl(cyclopentadienyl)- 
zirconium(hydride)(tetraphenylborate)- 
tetrahydrofuran complex, a 
bis{pentamethylcyclopentadienyl)zirconium- 
(hydride)(tetraphenylborate)tetrahydrofuran com- 
plex, an 

indenyl(cyclopentadienyl)zirconium(hydride)- 
(tetraphenylborate)tetrahydrofuran complex, a 
trimethylsilylcyclopentadlenyl(cyclopentadienyl)- 
zirconium(methyl)(tetraphenylborate)tetrahydrofuran 
complex, a 

trimethylsilylcyclopentadienyl(cyclopentadienyl)- 
zirconium(hydride)(tetraphenylborate)- 
tetrahydrofuran complex, a 
trifluoromethylcyclopentadienyl(cyclopentadienyl)- 
zirconium(hydride)(tetraphenylborate)- 
tetrahydrofuran complex, a 
bis(cyclopentadienyl)(trimethylsilyl)zirconium- 
(tetraphenylborate)tetrahydrofuran complex, a 
bis(cyclopentadienyl)(triphenylsilyl)zirconium- 
(tetraphenylborate)tetrahydrofuran complex, a 
bis(cyclopentadienyl)[tris(diemthylsilyl)silylh 
zirconium(tetraphenylborate)tetrahydrofuran com- 
plex, 

bis(cyclopentadienyl)(trimethylsilylmethyl)- 
zirconium(tetraphenylborate)tetrahydrofuran com- 
plex, a 

bis(cyclopentadienyl)(benzyl)zirconium- 
(tetraphenylborate)tetrahydrofuran complex, a 
methylene- 

bis(cyclopentadienyl)zirconium(chloride)- 
tetraphenylborate)tetrahydrofuran complex, an 
ethylene- 

bis(cyclopentadienyl)zirconium(chloride)- 
tetraphenylborate)tetrahydrofuran complex, an 



isopropylidene- 

bis(cyclopentadienyl)zirconium(chloride)- 
tetraphenylborate)tetrahydrofuran complex, a 
dimethylsilyl- 
5 bis(cyclopentadienyl)zirconium(chloride)- 

(tetraphenylborate(tetrahydrofuran complex, a 
methylene- 

bis(cyclopentadienyl)zirconium(methyl)- 
(tetraphneylborate)tetrahydrofuan complex, an 
to ethylene- 

bis(cyclopentadienyl)zirconium(methyl)- 
(tetraphenylborate)tetrahydrofuran complex, an 
isopropylidene- 

bis(cyclopentadienyl)zirconium(methyl)- 
75 (tetraphenylborate)tetrahydrofuran complex, a 
dimethylsilyl- 

bis(cyclopentadienyl)zirconium(methyl)- 
(tetraphenylborate)tetrahydrofuran complex, a 
methylene- 

20 bis(cyclopentadienyl)zircontum(hydride)- 

(tetraphenylborate)tetrahydrofurancomplex, an 
ethylene- 

bis(cyclopentadienyl)zirconium(hydride)- 
(tetraphenylborate)tetrahydrofurancomplex, an 
25 isopropylidene- 

bis(cyclopentadienyl)zirconium(hydride)- 
(tetraphenylborate)tetrahydrofurancomplex and a 
dimethylsilyl- 

bis(cyclopentadienyl)zirconium(hydride)- 
30 (tetraphenylborate)tetrahydrofurancomplex. 

Further, with respect to compounds of other 
metals of Group 4, 5 and 6, such as titanium 
compounds and hafnium compounds, those similar 
to the above compounds may be mentioned. Fur- 
35 ther, a mixture of such compounds may also be 
employed. 

In the present invention, as component (B), 
clay, clay minerals, ion exchanging layered com- 
pounds, diatomaceous earth, silicates or zeolites 

40 are employed. Clay is usually composed of clay 
minerals as the main constituents. The ion ex- 
changing layered compounds are compounds hav- 
x ing a crystal structure in which faces constituted by 
e.g. ionic bonds are piled in parallel to one another 

45 by a weak bonding force and the contained ions 
are exchangeable. The majority of clay minerals 
are ion exchanging layered compounds. These 
clay, clay minerals and ion exchanging layered 
compounds may not only be natural products but 

50 also be artificially synthesized products. 

As component (B), clay, clay minerals or ion 
exchanging compounds having a layered crystal 
structure of e.g. a hexagonal most densely packed 
type, antimony type, CdCb type or Cdfe type, may 

55 be mentioned. Specific examples of the clay, clay 
minerals and ion exchanging layered compounds 
of component (B) include kaolin, bentonite, kibushi 
clay, gairome clay, allophane, hisingerite, pyrophyl- 
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lite, talc, a mica group, a montmorillonite group, 
vermiculite, a chlorite group, palygorskite, kaolinite, 
nacrite, dickite and halloysite. 

The silicates, zeolite and diatomaceous earth to 
be used as component (B) in the present invention 
may be synthesized products or naturally produced 
minerals. Further, they may be used as they are 
without subjecting them to any treatment, or they 
may be treated by ball milling, sieving, acid treat- 
ment or the like before use. Further, they may be 
treated to have water added and adsorbed or may 
be treated for dehydration under heating before 
use. They may be used alone or in combination as 
a mixture of two or more of them. 

Specific examples of the silicates include sili- 
cates such as lithium silicate, sodium silicate, po- 
tassium silicate, magnesium silicate, calcium sili- 
cate, barium silicate, aluminium silicate, titanium 
silicate and zirconium silicate, an olivaine group 
such as olivaine and fayalite, a garnet group such 
as garnet, a phenacite group such as phenacite 
and willemite, zircon, tricalcium silicate, merrillite, 
gehlenite, benitoite, beryl, cordierite, a pyroxene 
group such as enstatite, hypersthene, diopside, 
spondumene, rhodonite and wollastonite, an am- 
phibole group such as anthophyllite, tremolite and 
actinolite, a feldspar group such as orthoclase, 
albite, barium feldspar and anorthite, a sodalite 
group such as sodalite and nocerite, analcite, and 
natrolite. 

Component (B) preferably has a pore volume 
of pores having radii of at least 20 A as measured 
by a mercury injection method of at least 0.1 cc/g, 
more preferably from 0.3 to 5 cc/g. Here, the pore 
volume is measured within a pore radius being 
from 20 to 30,000 A by a mercury injection method 
employing a mercury porosimeter. In Examples, 
the pore volume was measured by "Auto Pore 
9200" manufactured by Shimadzu Corporation. 

When a compound having a pore volume of 
pores having radii of at least 20 A of less than 0.1 
cc/g, is used as component (B), it tends to be 
difficult to obtain high polymerization activities. 

Further, component (B) is preferably subjected 
to chemical treatment. 

Here, the chemical treatment may be surface 
treatment to remove impurities deposited on the 
surface for treatment to give an influence over the 
crystal structure of clay. Specifically, acid treat- 
ment, alkali treatment, salt treatment and organic 
substance treatment may be mentioned. The acid 
treatment is intended not only to remove impurities 
on the surface but also to elute cations such as Al, 
Fe or Mg in the crystal structure, whereby the 
surface area is increased. By the alkali treatment, 
the crystal structure of clay will be destroyed, and 
a change will be brought about to the structure of 
clay. Further, by the salt treatment and organic 



substance treatment, an ion complex, a molecular 
complex or an organic derivative may be formed, 
and the surface area and the interlaminar distance 
may be changed. 

5 Further, utilizing ion exchangeability, inter- 

laminar exchangeable ions may be substituted by 
other large bulky ions to obtain a layered sub- 
stance having the interlaminar distance enlarged. 
Namely, the bulky ions play a role of pillars sup- 

w porting the layered structure, and they are called 
pillars. Further, introduction of a different substance 
between the layers of a layered substance is re- 
ferred to as intercalation. Guest compounds to be 
intercalated include, for example, cationic inorganic 

75 compounds such as TiCU and ZrCU, metal al- 
cholates such as Ti(OR) 4 , Zr(OR) 4 , PO(OR) 3 and 
B(OR) 3 wherein R is alkyl, aryl, etc., and metal 
hydroxide ions such as [Al t 3 0 4 (OH)2 4 p \ [Zr 4 (OH)- 
mF* and [Fe 3 0(OCOCH 3 )&]\ These compounds 

20 may be used alone, or two or more may be used in 
combination. During intercalation of these com- 
pounds, a polymer obtained by hydrolysis of e.g. a 
metal aicholate such as Si(OR) 4 , AI(OR) 3 or Ge- 
(OR)*, or a colloidal inorganic compound such as 

25 Si02, may be present. As an example of pillars, an 
oxide which will be formed by dehydration under 
heating after the intercalation of the above hydrox- 
ide ions between the layers, may be mentioned. 
Component (B) may be used as it is, or it may 

30 have water added and adsorbed afresh or may be 
subjected to heat dehydration treatment before 
use. Further, the above solid materials may be 
used alone or in combination as a mixture of two 
ore more of them. 

35 Particularly preferred as component (B) is clay 

or clay minerals, and most preferred is montmoril- 
lonite. 

Component (C) i.e. an organic aluminum com- 
pound to be used in the present invention may be 

40 compounds of the formula AlR 6 jX 3 .j wherein R 6 is a 
C1-20 hydrocarbon group, X is hydrogen, halogen 
or an alkoxy group, and j is a number satisfying 0 
< j 5 3, or low molecular weight polymers of 
organic aluminum compounds in which aluminum 

45 atoms are bonded to one another with oxygen or 
nitrogen interposed therebetween. These materials 
may be used alone or in combination as a mixture. 

Specifically, component (C) may, for example, 
be a trialkylaluminum such as trimethylaluminum, 

50 triethylaluminum, tripropylaluminum or 

triisobutylaluminum, a halogen-containing organic 
aluminum compound such as diethylaluminium 
chloride, di-n-propylaluminum chloride or 
diisobutylaluminium chloride, an alkoxide-contain- 

55 ing organic aluminum compound such as 
dimethylaluminum methoxide or diethylaluminum 
methoxide, a hydride-containing organic aluminum 
compound such as dimethylaluminum hydride or 
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diethylaluminum hydride, or an aluminoxane such 
as methylaluminoxane, ethylaluminoxane or 
isobutylaluminoxane. Among them, a trial- 
kylaluminum or an aluminoxane is preferred, and a 
trialkylaluminum is particularly preferred. 

With respect to a method of contacting compo- 
nents (A), (B) and (C) to obtain a polymerization 
cataJyst, when component (B) is clay or clay min- 
erals, it is preferred to conduct the contacting reac- 
tion so that the molar ratio of the transition metal in 
component (A), the hydroxyl groups in the clay or 
clay minerals of component (B) and the aluminum 
in the organic aluminum compound of component 
(C) would be 1:0.1-100,000:0.1-10,000,000, particu- 
larly 1:0.5-10,000:0.5-1,000,000. When component 
(B) is other than clay or clay minerals, it is pre- 
ferred to conduct the contacting reaction so that 
the weight ratio of the transition metal in compo- 
nent (A) to the aluminum in component (C), per 
gram of component (B), would be 0.00001-1 (g)- 
:0.001-I00(g). 

The contacting may be conducted in an inert 
gas such as nitrogen or in an inert hydrocarbon 
solvent such as pentane, hexane, heptane, toluene 
or xylene. The contacting is conducted usually at a 
temperature within a range of from -20 W C to the 
boiling point of the solvent, preferably within a 
range of from room temperature to the boiling point 
of the solvent. 

Further, as the organic aluminum compound of 
component (D) which is used as the case requires 
in the present invention, the same compounds as 
for component (C) may be mentioned. The amount 
of the organic aluminum compound to be used for 
this purpose is selected so that the molar ratio of 
the transition metal in component (A) to the alu- 
minum in component (D) would be 1:0-10,000. 

The contacting order of the respective compo- 
nents of the catalyst is not particularly limited. 
However, they may, for example, be contacted in 
the following orders: 

® Components (A) and (B) are contacted, and 
then component (C) is added. 
(2) Components (A) and (C) are contacted, and 
then component (B) is added. 

© Components (B) and (C) are contacted, and 
then component (A) is added. 

Other than the above orders, the three compo- 
nents may simultaneously be contacted. 

During or after contacting the respective cata- 
lyst components, a polymer such as polyethylene 
or polypropylene, or a solid of an inorganic oxide 
such as silica or alumina, may be present or con- 
tacted. 

Further, an olefin may be prepolymerized in 
the presence of components (A), (B) and (C) and, if 
necessary, an organic aluminum compound of 
component (D), to form a catalyst, and polymeriza- 



tion of an olefin may be conducted in the presence 
of this catalyst and, if necessary, an organic alu- 
minum compound. The temperature for the 
prepolymerization is usually within a range of from 

5 -50 to +100°C, and the time for the 
prepolymerization is usually from 0.1 to 100 hours, 
preferably from 0.1 to 50 hours. 

As the organic aluminum compound of compo- 
nent (D) which is used as the case requires at the 

70 time of the prepolymerization, the same com- 
pounds as for component (C) may be employed. 
The amount of the organic aluminum compound to 
be used for this purpose is selected so that the 
molar ratio of the transition metal in component (A) 

75 to the aluminum in component (D) would be 1:0- 
10,000. 

The olefin to be used for the prepolymerization 
is preferably the olefin to be used for the subse- 
quent polymerization, but other olefin may be used. 

20 Further, two or more olefins may be used in com- 
bination as a mixture. 

The amount of the polymer formed by the 
prepolymerization is usually within a range of from 
0.001 to 1,000 g, preferably from 0.01 to 300 g, 

25 more preferably from 0.1 to 300 g, per gram of 
component (B). 

The solvent to be used for the production of 
the catalyst for polymerizing an olefin according to 
the present invention, may, for example, be butane, 

30 pentane, hexane, heptane, octane, cyclohexane, 
toluene or xylene, or a mixture thereof. 

The solid catalyst thus obtained, may be used 
without washing or after washing. 

The olefin to be used for polymerization may 

35 be ethylene, propylene, 1-butene, 1-hexene, 3- 
methy 1-1 -butene, 3-methyl-1 -pentene, 4-methyl-1 - 
pentene, vinylcycloalkane, styrene or derivatives 
thereof. This polymerization may suitably be ap- 
plied not only to homopolymerization but also to 

40 usual random copolymerization or block 
copolymerization. 

The polymerization reaction is conducted in the 
presence or absence of a solvent such as a lique- 
fied a-olefin or an inert hydrocarbon such as bu- 

45 tane, pentane, hexane, heptane, toluene or 
cyclohexane. The temperature is usually within a 
range of from -50* to + 250°C. The pressure is 
not particularly limited, but is preferably within a 
range of from atmospheric pressure to about 2,000 

50 kgf/cm 2 . 

Further, hydrogen as a molecular weight con- 
trolling agent may be present in the polymerization 
system! 

According to the method of the present inven- 
55 tion, it is possible to obtain an olefin polymer 
having a narrow molecular weight distribution, or 
when applied to copolymerization of two or more 
olefins, an olefin polymer having narrow molecular 
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weight and compositional distributions, under very 
high polymerization activities, whereby it is unnec- 
essary to remove the catalyst residue from the 
obtained polymer. Thus, the present invention is 
very useful from the industrial point of view. 

Now, the present invention will be described in 
further detail with reference to Examples. However, 
it should be understood that the present invention 
is by no means restricted by such specific Exam- 
ples. 

EXAMPLE 1 

(1) Preparation of a catalyst component 

Into a 300 ml round bottom flask, 17 g of 
commercially available montmorillonite 
(Montmorillonite K10, manufactured by Aldrich 
Company; pore volume of pores having radii of at 
least 20 A as measured by a mercury injection 
method: 1.004 cc/g; same applies hereinafter) was 
introduced, and the interior of the flask was flushed 
with nitrogen. Then, 50 ml of toluene was added 
thereto to obtain a slurry. Separately, 7.21 g of 
trimethylaluminum was dissolved in 50 ml of 
toluene. While vigorously stirring the montmoril- 
lonite slurry, the trimethylaluminum solution was 
slowly dropwise added thereto at room tempera- 
ture. Heat was generated accompanied by genera- 
tion of gas. Stirring was continued for two hours 
while properly cooling with ice water to obtain a 
gray greenish slurry. 

(2) Polymerization of ethylene 

2.5 mg of biscyclopentadienylzirconium dichlo- 
ride was preliminarily contacted with 4.8 ml of a 
toluene solution of 0.01 79M trimethylaluminum for 
30 minutes at room temperature under a nitrogen 
atmosphere, and the mixture was contacted with 
4.7 ml of the catalyst component slurry prepared in 
the above step (1) for 20 minutes. Into a 2 I 
induction-stirring type autoclave flushed with puri- 
fied nitrogen, 500 ml of toluene and the above 
catalyst component-contacted mixture were 
charged at room temperature under a nitrogen 
stream. The mixed solution was heated to 70 'C. 
Then, ethylene was introduced so that the ethylene 
partial pressure would be 9 kgf/cm 2 , and poly- 
merization was conducted for one hour. Then, sup- 
ply of ethylene was stopped, and ethanol was 
introduced to terminate the polymerization. Then, 
the content in the autoclave was cooled to 30 *C, 
and the interior gas was purged to obtain 170 g of 
powdery polyethylene. The amount of the polyeth- 
ylene produced per gram of the zirconium was 2.2 
x 10 5 g, and the polymerization activities were 
7,600 g-PE/g-cafh*kgf*cm" 2 . The amount of the 



polyethylene produced per gram of the aluminum 
derived from trimethylaluminum contacted to mont- 
morillonite and biscyclopentadienylzirconium di- 
chloride, was 1 ,600 g. 

5 

EXAMPLE 2 

(1) Copolymerization of ethylene and propylene 

io 0.27 mg of biscyclopentadienylzirconium di- 

chloride was preliminarily contacted with 0.48 ml of 
a toluene solution of 0.01 79M trimethylaluminum 
for 30 minutes at room temperature under a nitro- 
gen atmosphere, and the mixture was further pre^ 

75 liminarily contacted with 0.47 ml of the catalyst 
component slurry prepared in Example 1 (1) for 20 
minutes. 

Into a 2 I induction-stirring type autoclave 
flushed with purified nitrogen, 300 ml of toluene 

20 and the above catalyst-contacted mixture were in- 
troduced at room temperature under a nitrogen 
stream. Further, 600 ml of liquid propylene was 
introduced. The mixture was heated to 70 *C. 
Then, ethylene was introduced so that the ethylene 

25 partial pressure would be 7.6 kgf/cm 2 , and poly- 
merization was conducted for one hour. Then, sup- 
ply of ethylene was stopped, and ethanol was 
introduced to terminate the polymerization. Then, 
the content of the autoclave was cooled to 30 *C, 

30 and the interior gas was purged to obtain 100 g of 
an ethylene-propylene copolymer. The amount of 
the copolymer produced per gram of the zirconium 
was 1.2 x 10 6 g. Further, the amount of the 
copolymer produced per gram of the aluminum 

35 derived from trimethylaluminum contacted with 
montmorillonite and biscyclopentadienylzirconium 
dichloride, was 8,600 g. The molecular weight dis- 
tribution of the obtained copolymer was Mw/Mn = 
2.1. 

40 

(2) Copolymerization of ethylene and propylene 

0.25 mg of biscyclopentadienylzirconium di- 
chloride was preliminarily contacted with 0.47 ml of 
45 the catalyst component slurry prepared in Example 

1 (1) for 20 minutes at room temperature under a 
nitrogen atmosphere. The subsequent operation 
was conducted in the same manner as in Example 

2 (1) to obtain 38.7 g of an ethylenepropylene 
50 copolymer. The amount of the copolymer produced 

per gram of the zirconium was 4.9 x 10 5 g. Fur- 
ther, the amount of the copolymer produced per 
gram of the aluminum derived from 
trimethylaluminum contacted with montmorillonite, 
55 was 3,300 g. 

EXAMPLE 3 



9 



17 



EP0 511 665 A2 



18 



(1) Preparation of a catalyst component 

Into a 500 ml round bottom flask, 6.46 g of 
commercially available kaolin (manufactured by 
Fisher Scientific Co.; acid-washed product; pore 
volume of pores having radii of at least 20 A as 
measured by a mercury injection method: 0.691 
cc/g) was introduced. The interior of the flask was 
flushed with nitrogen, and then 200 ml of toluene 
was added to obtain a slurry. Separately, 7.21 g of 
trimethylaluminum was dissolved in 50 ml of 
toluene. While vigorously stirring the kaolin slurry, 
the trimethylaluminum solution was slowly drop- 
wise added thereto at room temperature. Then, 
refluxing was conducted for two hours to obtain a 
brown slurry. 

(2) Copolymerization of ethylene and propylene 

2.7 mg of biscyclopentadienylzirconium dichlo- 
ride was preliminarily contacted with 0.44 ml of a 
toluene solution of 0.1 96M trimethylaluminum for 
30 minutes at room temperature under a nitrogen 
atmosphere, and the mixture was further prelimi- 
narily contacted with 14 ml of the catalyst compo- 
nent slurry prepared in the above step (1) for 20 
minutes. The subsequent operation was conducted 
in the same manner as in Example 2 (1) to obtain 
105 g of an ethylene-propylene copolymer. The 
amount of the copolymer produced per gram of the 
zirconium was 1.3 x 10 5 g. Further, the amount of 
the copolymer produced per gram of the aluminum 
derived from trimethylaluminum contacted with ka- 
olin and biscyclopentadienylzirconium dichloride, 
was 844 g. 

EXAMPLE 4 

(1) Preparation of bis(cyclopentadieny))(methyl)- 
zirconium(tetraphenylborate) -tetrahydrofuran com- 
plex of component (A) ~ ~ 

Into a 300 ml round bottom flask, 7.5 g of 
commercially available biscyclopentadienylzir- 
conium dichloride was introduced, and the interior 
of the flask was flushed with nitrogen. Then, 120 ml 
of diethyl ether was added thereto at -20 *C to 
obtain a slurry. To this slurry, 32 ml of a hexane 
solution of methyllithium (1.6M) was slowly added 
at -20* C, and the mixture was stirred at 0° C for 30 
minutes. Then, the solvent was distilled, and the 
remained solid was purified by sublimation under 
reduced pressure of 2 x 10~ 4 mmHg at a tempera- 
ture of from 60 to 80 *C to obtain biscyclopen- 
tadienylzirconium dimethyl. Separately, an aqueous 
solution containing 3.4 g of silver nitrate and 6.84 g 
of sodium tetraphenyl borate were mixed to obtain 
a silver tetraphenyl borate. 



Then, biscyclopentadienylzirconium dimethyl 
prepared as described above, was dissolved in 10 
ml of acetonitrile, and to this solution, a slurry of 
1.0 g of silver tetraphenyl borate in acetonitrile (10 

5 ml) was added at 0*C, and the mixture was stirred 
for one hour. The obtained solution was separated 
from solid and evaporated to dryness, followed by 
washing with cool acetonitrile. Then, the product 
was recrystallized from acetonitrile and then dried 

io under reduced pressure for 48 hours. The obtained 
solid was recrystallized three times from 
tetrahydrofuran to obtain a bis(cyclopentadienyl)- 
(methyl)zirconium(tetraphenylborate) 
tetrahydrofuran complex. 

75 

(2) Copolymerization of ethylene and propylene 

Copolymerization of ethylene and propylene 
was conducted by using a catalyst prepared by 

20 preliminarily contacting 0.55 mg of bis- 
(cyclopentadienyl)(methyl)zirconium- 
(tetraphenylborate) tetrahydrofuran complex ob- 
tained in step (1) with 0.49 ml of a toluene solution 
of 0.1 96M trimethylaluminum for 30 minutes at 

25 room temperature under a nitrogen atmosphere 
and further preliminarily contacting the mixture with 
0.48 ml of the catalyst component slurry prepared 
in Example 1 (1) for 20 minutes. The subsequent 
operation was conducted in the same manner as in 

30 Example 2 (1) to obtain 24.2 g of an ethylene- 
propylene copolymer. The amount of the 
copolymer produced per gram of the zirconium 
was 3.0 x 10 5 g. Further, the amount of the 
copolymer produced per gram of the aluminum 

35 derived from trimethylaluminum contacted with 
montmorillonite and component (A), was 2,200 g. 

COMPARATIVE EXAMPLE 1 

40 0.97 mg of biscyclopentadienylzirconium di- 

chloride was preliminarily contacted with a toluene 
solution of 5.00 mM, as aluminum atom, of 
methylaluminoxane (molecular weight: 1232; manu- 
factured by TOSOACZO) for 30 minutes at room 

45 temperature under a nitrogen atmosphere. 

Into a 2 1 induction-stirring type autoclave 
flushed with purified nitrogen, 500 ml of toluene 
and a mixed solution of biscyclopentadienylzir- 
conium dichloride and methylaluminoxane were in- 

50 troduced at room temperature under a nitrogen 
stream. The mixed solution was heated to 70 'C, 
and then ethylene was introduced so that the eth- 
ylene partial pressure would be 9 kgf/cm 2 , and 
polymerization was conducted for one hour. Then, 

55 supply of ethylene was stopped, and the content of 
the autoclave was cooled to 30 " C, and the interior 
gas was purged to obtain 11.6 g of powdery poly- 
ethylene. The amount of the polyethylene pro- 
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duced per gram of the zirconium was 3.8 x 10 4 g, 
and the catalytic activities were 1,300 g-PE/g- 
cafh*kgf*cm~ 2 . Further, the amount of the poly- 
ethylene produced per gram of the aluminum de- 
rived from methylaluminoxane, was 86 g. 

EXAMPLE 5 

(1) Preparation of a catalyst 

Into a 100 ml round bottom flask, 8.9 mg of 
commercially available biscyclopentadienylzir- 
conium dichloride was introduced, and the interior 
of the flask was flushed with nitrogen. Then, 25 ml 
of n-heptane was added thereto to obtain a slurry. 
Separately, 1.18 g of trimethylaluminum and 3.72 g 
of commercially available montmorillonite were 
separately taken, and 5 ml and 15 ml of n-heptane 
were added, respectively. While vigorously stirring 
the biscyclopentadienylzirconium dichloride, the 
montmorillonite slurry was dropwise added thereto 
at room temperature and then the trimethylalminum 
solution was dropwise added thereto. Heat was 
generated accompanied by generation of gas. After 
completion of the dropwise addition, stirring was 
continued for two hours to obtain a gray slurry. The 
zirconium concentration in the catalyst slurry was 
0.72 umol/ml. 

(2) Polymerization of ethylene 

Into a 2 t induction-stirring type autoclave 
flushed with purified nitrogen, 300 ml of n-hexane, 
1.9 ml of a toluene solution of trimethylaluminum 
(10.18 mM) and 3.9 ml of the above catalyst slurry 
were sequentially introduced at room temperature 
under nitrogen stream. The mixed solution was 
heated to 70 * C, and then ethylene was introduced 
so that the ethylene partial pressure would be 9 
kgf/cm 2 and polymerization was conducted for 30 
minutes. Then, supply of ethylene was stopped, 
and ethanol was introduced to terminate the poly- 
merization. Then, the content of the autoclave was 
cooled to 30'C, and the interior gas was purged to 
obtain 230 g of powdery polyethylene. The amount 
of the polymer produced per gram of the zirconium 
was 9.0 x 10 5 g. Further, the amount of the poly- 
mer produced per gram of the aluminum derived 
from trimethylaluminum, was 8,500 g. 

(3) Copolymerization of ethylene and propylene 

Into a 2 Jt induction-stirring type autoclave 
flushed with purified nitrogen, 300 ml of n-hexane, 
1.9 ml of a toluene solution of trimethylaluminum 
(10.18 mM) and 2.6 ml of the above catalyst slurry 
were sequentially introduced at room temperature 
under a nitrogen stream. Further, 600 ml of liquid 



propylene was introduced. The mixed solution was 
heated to 70 " C, and then ethylene was introduced 
so that the ethylene partial pressure would be 7.6 
kgf/cm 2 , and polymerization was conducted for 25 

5 minutes. Then, supply of ethylene was stopped, 
and ethanol was introduced to terminate the poly- 
merization. Then, the content of the autoclave was 
cooled to 30° C, and the interior gas was purged to 
obtain 243 g of an ethylene-propylene copolymer. 

10 The amount of the copolymer produced per gram 
of the zirconium was 1.4 x 10 6 g. Further, the 
amount of the copolymer produced per gram of the 
aluminum derived from trimethylaluminum, was 
9,200 g. 

J5 

EXAMPLE 6 

(1) Preparation of a catalyst component 

20 Into a 300 ml round bottom flask, 17.7 g of 

commercially available montmorillonite was intro- 
duced, and the interior of the flask was flushed with 
nitrogen. Then, 80 ml of toluene was added thereto 
to obtain a slurry. Separately, 5.86 g of 

25 trimethylaluminum was dissolved in 20 ml of 
toluene. While vigorously stirring the 
trimethylaluminum solution, the montmorillonite 
slurry was dropwise added thereto at room tem- 
perature. Heat was generated accompanied by 

30 generation of gas. After completion of the dropwise 
addition, stirring was continued for two hours to 
obtain a greenish gray slurry. 

(2) Copolymerization of ethylene and propylene 

35 " ' 

0.57 mg of biscyclopentadienylzirconium di- 
chloride was preliminarily contacted with 1.9 ml of 
a toluene solution of 10.10 mM trimethylaluminum 
for 30 minutes at room temperature under a nitro- 

40 gen atmosphere, and the mixture was further pre- 
liminarily contacted with 1.3 ml of the catalyst 
component slurry prepared in the above step (1). 
The subsequent operation was conducted in the 
same manner as in Example 2 (1) except that the 

45 polymerization time was changed to 30 minutes 
instead of one hour, to obtain 310 g of an ethylene- 
propylene copolymer. The amount of the 
copolymer produced per gram of the zirconium 
was 1.8 x 10 6 g. Further, the amount of the 

so copolymer produced per gram of the aluminum 
derived from trimethylaluminum contacted with 
montmorillonite and biscyclopentadienylzirconium 
dichloride, was 12,000 g. 

55 (3) Copolymerization of ethylene and propylene 

0.50 mg of biscyclopentadienylzirconium di- 
chloride was preliminarily contacted with 1.8 ml of 
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a toluene solution of 9.50 mM triethylaluminum for 
30 minutes at room temperature under a nitrogen 
atmosphere, and the mixture was further prelimi- 
narily contacted with 1.1 ml of the catalyst compo- 
nent slurry prepared in the above step (1). The 
subsequent operation was conducted in the same 
manner as in Example 6 (2) to obtain 229 g of an 
ethylene-propylene copolymer. The amount of the 
copolymer produced per gram of the zirconium 
was 1.9 x 10* g. Further, the amount of the 
copolymer produced per gram of the aluminum 
derived from trimethylaluminum contacted with 
montmorillonite and triethylaluminum contacted 
with biscyclopentadienylzirconium dichloride, was 
13,000 g. 

EXAMPLE 7 

(1) Preparation of ethylene bis(4,5,6,7-tetrahydroin- 
denyl)zirconium dichloride 



Preparation of the above complex was con- 
ducted in the same manner as disclosed with re- 
spect to ethylene bis(4,5,6,7-tetrahydroindenyl)- 
titanium dichloride in Journal of Organometallic 
Chemistry, 232 (1982) 233. 

(2) Polymerization of propylene 

0.82 mg of a racemic modification of ethylene 
bis(4,5,6,7-tetrahydroindenyl)zirconium dichloride 
was preliminarily contacted with 1 .9 ml of a toluene 
solution of 10.10 mM trimethylaluminum for 30 
minutes at room temperature under a nitrogen at- 
mosphere, and the mixture was further preliminarily 
contacted with 1.3 ml of the catalyst component 
slurry prepared in Example 6 (1). 

Into a 2 I induction-stirring type autoclave thor- 
oughly flushed with purified nitrogen, 300 ml of 
toluene and the above catalyst component-con- 
tacted mixture were introduced at room tempera- 
ture under a nitrogen stream. Further, 600 ml of 
liquid propylene was introduced. The autoclave 
was heated to 70 * C, and polymerization was con- 
ducted for 30 minutes. Then, the gas in the auto- 
clave was purged to obtain 286 g of a propylene 
polymer. The amount of the polymer produced per 
gram of the zirconium was 1.6 x 10* g. Further, 
the amount of the propylene polymer produced per 
gram of the aluminum derived from 
trimethylaluminum contacted with montmorillonite 
and ethylene bis(4,5,6,7-tetrahydroindenyl)- 
zirconium chloride, was 9,900 g. Further, the boil- 
ing heptane insoluble content (value obtained after 
refluxing for six hours) representing the 
stereospecificity, was 96%. 

COMPARATIVE EXAMPLE 2 



0.82 mg of a racemic modification of ethylene 
bis(4,5,6,7-tetrahydroindenyl)zirconium dichloride 
was contacted with 1.9 ml of a toluene solution of 
10.10 mM trimethylaluminum for 30 minutes at 

5 room temperature in a nitrogen atmosphere, and 
the mixture was further preliminarily contacted with 
a toluene solution of 12.5 mM, as aluminum atom, 
of methylaminoxane (manufactured by TOSO- 
ACZO). Using the product, polymerization of pro- 

70 pylene was conducted. Into a 2 I induction-stirring 
type autoclave thoroughly flushed with purified ni- 
trogen, 300 ml of toluene and a mixed solution of 
ethylene bis(4,5,6,7-tetrahydroindenyl)zirconium di- 
chloride and methylaluminoxane were introduced at 

75 room temperature under a nitrogen stream. Further, 
600 ml of liquid propylene was introduced. The 
autoclave was heated to 70 *C, and polymerization 
was conducted for one hour. Then, the interior gas 
was purged to obtain 115 g of a propylene poly- 

20 mer. The amount of the propylene polymer pro- 
duced per gram of the zirconium was 6.6 x 10 5 g. 
Further, the amount of propylene polymer pro- 
duced per gram of the aluminum derived from 
methylaluminoxane was 340 g. Further, the boiling 

25 heptane insoluble content was 96%. 

EXAMPLE 8 

(1) Preparation of isopropylidene(cyclopentadienyl)- 
30 (fluorenyl)zirconium dichloride ~~ 



Preparation of the above complex was con- 
ducted by the same method as disclosed in Japa- 
nese Unexamined Patent Publication No. 
35 41305/1990. 

(2) Polymerization of propylene 

0.83 mg of isopropylidene(cyclopentadienyl)- 

40 (fluorenyl)zirconium dichloride was preliminarily 
contacted with 1.9 ml of a toluene solution of 10.10 
mM trimethylaluminum for 30 minutes at room 
temperature in a nitrogen atmosphere, and the 
mixture was further preliminarily contacted with 1.3 

45 ml of the catalyst component slurry prepared in 
Example 6 (1). The subsequent operation was con- 
ducted in the same manner as in Example 7 (2) to 
obtain 253 g of a propylene polymer. The amount 
of the propylene polymer produced per gram of the 

50 zirconium was 1.4 x 10* g. Further, the amount of 
the polymer produced per gram of the aluminum 
derived from trimethylaluminum contacted with 
montmorillonite and isopropylidene- 

(cyclopentadienyl)(ftuorenyl)zirconium dichloride, 

55 was 8.800 g. The rrrr by T3 C-NMR of the obtained 
polymer i.e. the syndiotactic polymer content was 
90%. 
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COMPARATIVE EXAMPLE 3 

0.83 mg of isopropylidene(cyclopentadienyl)- 
(fluorenyl)zirconium dichloride was preliminarily 
contacted with a toluene solution of 12.5 mM, as 
aluminum atom, of methylaluminoxane 
(manufactured by TOSO-ACZO) for 30 minutes at 
room temperature under a nitrogen atmosphere. 

Into a 2 I induction-stirring type autoclave thor- 
oughly flushed with purified nitrogen, 300 ml of 
toluene and a mixed solution of the above 
isopropylidene(cyclopentadienyl)(fluorenyl)- 
zirconium dichloride and methylaluminoxane were 
charged at room temperature under a nitrogen 
stream. Further, 600 ml of liquid propylene was 
introduced. The autoclave was heated to 70 "C, 
and polymerization was conducted for one hour. 
Then, the interior gas of the autoclave was purged 
to obtain 108 g of a propylene polymer. The 
amount of the propylene polymer produced per 
gram of the zirconium was 6.2 x 10 s g. Further, 
the amount of the propylene polymer produced per 
gram of the aluminum derived from 
methylaluminoxane, was 320 g. The rrrr by 13 C- 
NMR of the obtained polymer was 89%. 

EXAMPLE 9 

(1) Preparation of a catalyst component 

Into a 300 ml round bottom flask, 18.1 g of 
commercially available montmorillonite was intro- 
duced, and the interior of the flask was thoroughly 
flushed with nitrogen. Then, 80 ml of n-heptane 
was added thereto to obtain a slurry. Separately, 
6.25 g of trimethylaluminum was dissolved in 20 ml 
of n-heptane. While vigorously stirring the 
trimethylaluminum solution, the montmorillonite 
slurry was slowly dropwise added thereto at room 
temperature. Heat was generated accompanied by 
the generation of gas. After completion of the drop- 
wise addition, stirring was continued for two hours 
to obtain a gray slurry. 

(2) Copolymerization of ethylene and propylene 

0.59 mg of biscyclopentadienylzirconium di- 
chloride was preliminarily contacted with 2.0 ml of 
a toluene solution of 0.01 02M trimethylaluminum 
for 30 minutes at room temperature under a nitro- 
gen atmosphere, and the mixture was further pre- 
liminarily contacted with 1.2 ml of the catalyst 
component slurry prepared in the above step (1) 
for 20 minutes. 

Into a 2 I induction-stirring type autoclave thor- 
oughly flushed with purified nitrogen, 300 ml of n- 
hexane and the above catalyst component-con- 
tacted mixture were introduced at room tempera- 



ture under a nitrogen stream. Further, 600 ml of 
liquid propylene was introduced. The mixed solu- 
tion was heated to 70° C, and then ethylene was 
introduced so that the ethylene partial pressure 

5 would be 7.6 kgf/cm 2 , and polymerization was con- 
ducted for 20 minutes. Then, supply of ethylene 
was stopped, and ethanol was introduced to termi- 
nate the polymerization. Then, the content of auto- 
clave was cooled to 30° C, and the interior gas was 

w purged to obtain 311 g of an ethylene-propylene 
copolymer. The amount of the copolymer produced 
per gram of the zirconium was 1.7 x 10 6 g. Fur- 
ther, the amount of the copolymer produced per 
gram of the aluminum derived from 

75 trimethylaluminum contacted with montmorillonite 
and biscyclopentadienylzirconium dichloride, was 
11,000 g. 

EXAMPLE 10 

20 

(1 ) Preparation of a catalyst 

Into a 300 ml round bottom flask, 15.1 mg of 
commercially available biscyclopentadienylzir- 

25 conium dichloride was introduced, and the interior 
of the flask was purged with nitrogen. Then, 50 ml 
of n-heptane was added thereto to obtain a slurry. 
Separately, 1 .99 g of trimethylaluminum and 6.21 g 
of commercially available montmorillonite were tak- 

30 en, separately, and 10 ml and 40 ml of n-heptane 
were added, respectively. While vigorously stirring 
the biscyclopentadienylzirconium dichloride slurry, 
the trimethylaluminum solution was dropwise ad- 
ded thereto at room temperature, and then the 

35 montmorillonite slurry was dropwise added. Heat 
was generated accompanied by generation of gas. 
After completion of the dropwise addition, stirring 
was continued for two hours to obtain a gray slurry. 
The zirconium concentration in the catalyst slurry 

40 was 0.49 umol/ml. 

(2) Polymerization of ethylene 

Into a 2 I induction-stirring type autoclave 
45 flushed with purified nitrogen, 300 ml of n-hexane, 
1.9 ml of a toluene solution of trimethylaluminum 
(10.18 mM) and 3.9 ml of the above catalyst slurry 
were sequentially introduced at room temperature 
under a nitrogen stream. The mixed solution was 
50 heated to 70 *C, and then ethylene was introduced 
so that the ethylene partial pressure would be 9 
kgf/cm 2 , and polymerization was conducted for 15 
minutes. Then, supply of ethylene was stopped, 
and ethanol was introduced to terminate the poly- 
55 merization. Then, the content of the autoclave was 
cooled to 30 "C, and the interior gas was purged to 
obtain 244 g of powdery polyethylene. The amount 
of the polymer produced per gram of the zirconium 
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was 1.4 x 10 6 g. Further, the amount of the poly- 
mer produced per gram of the aluminum derived 
from trimethy (aluminum, was 8,800 g. 

(3) Copolymerization of ethylene and propylene 



Into a 2 i induction- stirring type autoclave 
flushed with purified nitrogen, 300 ml of n-hexane, 

I. 9 ml of a toluene solution of trimethylaluminum 
(10.18 mM) and 3.9 ml of the above catalyst slurry 
were sequentially introduced at room temperature 
under a nitrogen stream. Further, 600 ml of liquid 
propylene was introduced. The mixed solution was 
heated to 70 " C. and then ethylene was introduced 
so that the ethylene partial pressure would be 7.6 
kgf/cm 2 , and polymerization was conducted for 16 
minutes. Then, supply of ethylene was stopped, 
and ethanol was introduced to terminate the poly- 
merization. Then, the content of the autoclave was 
cooled to 30* C, and the interior gas was purged to 
obtain 302 g of an ethylene-propylene copolymer. 
The amount of the copolymer produced per gram 
of the zirconium was 1.7 x 10 & g. Further, the 
amount of the copolymer produced per gram of the 
aluminum derived from trimethylaluminum, was 

II, 000 g. 

EXAMPLE 11 

(1) Preparation of a catalyst 

Into a 200 ml round bottom flask, 3.12 g of 
vermiculite with a pore volume of pores having 
radii of at least 20 A as measured by a mercury 
injection method being 0.791 cc/g, was introduced, 
and the interior of the flask was flushed with nitro- 
gen. Then, 50.8 ml of n-hexane was added thereto 
to obtain a slurry. Separately, 1.25 g of 
trimethylaluminum was dissolved in 20.6 ml of n- 
hexane. While stirring the vermiculite slurry, the 
trimethylaluminum solution was slowly dropwise 
added thereto at room temperature. Stirring was 
continued for two hours while properly cooling the 
mixture to obtain a slurry. 

(2) Copolymerization of ethylene and propylene 

1.40 mg of biscyclopentadienylzirconium di- 
chloride was preliminarily contacted with a toluene 
solution of trimethylaluminum (23.8 umol) for 30 
minutes at room temperature under a nitrogen at- 
mosphere, and the mixture was further preliminarily 
contacted with 5.0 ml of the catalyst component 
slurry prepared in Example 11 (1) for 20 minutes. 

Into a 2 I induction-stirring type autoclave 
flushed with purified nitrogen, 300 ml of n-hexane 
and the above catalyst component contacted mix- 
ture were introduced at room temperature under a 



nitrogen stream. Further, 600 ml of liquid propylene 
was introduced. The mixed solution was heated to 
70 *C, and then ethylene was introduced so that 
the ethylene partial pressure would be 7.6 kgf/cm 2 , 

5 and polymerization was conducted for one hour. 
Then, supply of ethylene was stopped, and ethanol 
was introduced to terminate the polymerization. 
Then, the content of the autoclave was cooled to 
30 "C, and the interior gas was purged to obtain 

io 55.6 g of an ethylenepropylene copolymer. The 
amount of the copolymer produced per gram of the 
zirconium was 1.3 x 10 5 g. Further, the amount of 
the copolymer produced per gram of the aluminum 
derived from trimethylaluminum contacted with ver- 

75 miculite and biscyclopentadienylzirconium dichlo- 
ride, was 1 ,700 g. 

EXAMPLE 12 

20 (1) Preparation of a catalyst 

Into a 200 ml round bottom flask, 4.11 g of 
Smecton SA-1 (manufactured by Kumine Kogyo 
K.K.) with a pore volume of pores having radii of at 

25 least 20 A as measured by a mercury injection 
method being 0.712 cc/g, was introduced, and the 
interior of the flask was flushed with nitrogen. Then, 
81 .2 ml of n-hexane was added thereto to obtain a 
slurry. Separately, 1.92 g of trimethylaluminum was 

30 dissolved in 20.2 ml of n-hexane. While stirring the 
Smecton SA-1 slurry, the trimethylaluminum solu- 
tion was thoroughly dropwise added thereto at 
room temperature. Stirring was continued for two 
hours, while properly cooling the mixture to obtain 

35 a slurry. 

(2) Copolymerization of ethylene and propylene 

1.28 mg of biscyclopentadienylzirconium di- 
40 chloride was preliminarily contacted with a toluene 
solution of triemthylaluminium (21.9 umol) for 30 
minutes at room temperature under a nitrogen at- 
mosphere, and the mixture was further preliminarily 
contacted with 4.3 ml of the catalyst component 
45 slurry prepared in Example 12 (1) for 20 minutes. 
The subsequent operation was conducted in the 
same manner as in Example 1 1 (2) to obtain 48.4 g 
of an ethylene-propylene copolymer. The amount 
of the copolymer produced per gram of the zirco- 
50 nium was 1.2 x 10 5 g. Further, the amount of the 
copolymer produced per gram of the aluminum 
derived from trimethylaluminum contacted with 
Smecton SA-1 and biscyclopentadienylzirconium 
dichloride, was 1 ,600 g. 

55 

EXAMPLE 13 

(1) Preparation of a catalyst 



14 



27 



EP0 511 665 A2 



28 



Into a 100 ml round bottom flask thoroughly 
Hushed with nitrogen, a toluene solution containing 
0.72 g of commercially available biscyclopen- 
tadienylzirconium dichloride was introduced, and 

1.3 mM of trimethylaluminum was added thereto 
under stirring at room temperature. Separately, into 
a 1 00 ml round bottom flask, 3.33 g of mica with a 
pore volume of pores having radii of at least 20 A 
as measured by a mercury injection method being 
0.670 cc/g, was introduced, and the interior of the 
flask was flushed with nitrogen. Then, 63.9 ml of n- 
hexane was added thereto to obtain a slurry. 4.9 ml 
of this slurry was added to the above contacted 
product of biscyclopentadienylzirconium dichloride 
and trimethylaluminum, at room temperature. After 
completion of the addition, stirring was conducted 
at room temperature for one hour to obtain a cata- 
lyst slurry. 

(2) Copolymerization of ethylene and propylene 

Into a 2 I induction-stirring type autoclave 
flushed with purified nitrogen, 300 ml of n-hexane, 

2.4 ml of a toluene solution of trimethylaluminum 
(10.18 mM) and the entire amount of the above 
catalyst slurry were introduced at room tempera- 
ture under a nitrogen stream. Further, 600 ml of 
liquid propylene was introduced. The mixed solu- 
tion was heated to 70* C,. and then ethylene was 
introduced so that the ethylene partial pressure 
would be 7.6 kgf/cm 2 , and polymerization was con- 
ducted for one hour. Then, supply of ethylene was 
stopped, and ethanol was introduced to terminate 
the polymerization. Then, the content of the auto- 
clave was cooled to 30 ° C, and the interior gas was 
purged to obtain 42.9 g of an ethylenepropylene 
copolymer. The amount of the copolymer produced 
per gram of the zirconium was 1.9 x 10 s g. Fur- 
ther, the amount of the copolymer produced per 
gram of the aluminum derived from 
trimethylaluminum, was 1,200 g. 

EXAMPLE 14 

(1) Preparation of a zirconium-montmorillonite inter- 
calation compound 



64.45 g of zirconium oxychloride octahydrate 
(guaranteed grade, manufactured by Wako 
Jyunyaku K.K.) was dissolved in 1 t of pure water, 
and 6.0 g of montmorillonite was added thereto to 
obtain a slurry. The slurry was stirred at 70 *C for 
one hour, followed by filtration and washing with 
500 ml of hot pure water. Then, the product was 
dried in air overnight at room temperature to obtain 
the above-identified compound. 

(2) Preparation of a catalyst 



Into a 100 ml round bottom flask, 10.0 mg of 
commercially available biscyclopentadienylzir- 
conium dichloride was introduced, and the interior 
of the flask was flushed with nitrogen. Then, the 10 

5 ml of n-heptane was added thereto to obtain a 
slurry. Separately, 1 .21 g of trimethylaluminum and 
3.0 g of the zirconium-montmorillonite intercalation 
compound prepared in the above step (1) were 
taken and 20 ml of n-heptane was added to each of 

w them. While vigorously stirring the biscyclopen- 
tadienylzirconium dichloride slurry, the 
trimethylaluminum solution was dropwise added 
thereto at room temperature, and then the slurry of 
the zirconiummontmorillonite intercalation com- 

75 pound was dropwise added thereto. Heat was gen- 
erated accompanied by generation of gas. After 
completion of the dropwise addition, stirring was 
continued for two hours to obtain a gray catalyst 
slurry. The concentration of zirconium derived from 

20 the biscyclopentadienylzirconium dichloride in the 
slurry was 0.65 umol/ml. 

(3) Polymerization of ethylene 

25 Into a 2 I induction-stirring type autoclave thor- 

oughly flushed with purified nitrogen, 500 ml of n- 
hexane, 1.9 ml of a toluene solution of 
trimethylaluminum (10.18 mM) and 3.0 ml of the 
above catalyst slurry were sequentially introduced 

30 at room temperature under a nitrogen stream. The 
mixed solution was heated to 70 * C. Then, ethylene 
was introduced so that the ethylene partial pres- 
sure would be 9 kgf/cm 2 , and polymerization was 
conducted for one hour. Then, supply of ethylene 

35 was stopped, and ethanol was introduced to termi- 
nate the polymerization. Then, the content of the 
autoclave was cooled to 30 * C, and the interior gas 
was purged to obtain 42 g of powdery polyethyl- 
ene. The amount of polyethylene produced per 

40 gram of the zirconium derived from biscyclopen- 
tadienylzirconium dichloride was 1.0 x 10 s g. Fur- 
ther, the amount of the polyethylene produced per 
gram of the aluminum derived from 
trimethylaluminum, was 7,000 g. 

45 

(4) Copolymerization of ethylene and propylene 



Polymerization was conducted in the same 
manner as in Example 10 (3) except that 3.0 ml of 

50 the slurry of Example 14 (2) was used as the 
catalyst slurry, and the polymerization time was 
changed to one hour, to obtain 217 g of an 
ethylene-propylene copolymer with Mw/Mn being 
2.2. The amount of the copolymer produced per 

55 gram of the zirconium derived from biscyclopen- 
tadienylzirconium dichloride, was 1.2 x 10 s g. Fur- 
ther, the amount of the copolymer produced per 
gram of the aluminum derived from 
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trimethylaluminum, was 8,300 g. 
EXAMPLE 15 

(1) Preparation of a catalyst 

Into a 100 ml round bottom flask, 50 mg of 
commercially available biscyclopentadienylzir- 
conium dichloride was introduced, and the interior 
of the flask was thoroughly flushed with nitrogen. 
Then, 10 ml of n-heptane was added thereto to 
obtain a slurry. Separately, 1.25 g of 
trimethylaluminum and 3.0 g of the zirconium-mon- 
tmorillonite intercalation compound prepared in Ex- 
ample 14 (1) were taken respectively, and 20 ml of 
n-heptane was added to each of them. While vigor- 
ously stirring the biscyclopentadienylzirconium di- 
chloride slurry, the trimethylaluminum solution was 
dropwise added thereto at room temperature, and 
then the slurry of the zirconium-montmorillonite in- 
tercalation compound was dropwise added thereto. 
Heat was generated accompanied by generation of 
gas. After completion of the dropwise addition, 
stirring was continued for two hours to obtain a 
gray slurry. The zirconium concentration in the 
catalyst slurry was 3.3 umol/ml. 

Further, in a separate 100 ml round bottom 
flask, 40 ml of the above catalyst slurry was taken 
at room temperature, and 6.7 ml of a toluene 
solution of trimethylaluminum (196 mM) was added 
thereto. Then, ethylene gas was introduced into the 
system, and prepolymerization was conducted at 
room temperature for 3 hours. Then, the super- 
natant was removed, and the rest was washed with 
hexane. By this reaction, a solid catalyst compris- 
ing 35.8 umol of zirconium derived from the 
biscyclopentadienylzirconium dichloride, 4.25 mM 
of aluminum derived from the trimethylaluminum 
and 3.8 g of polyethylene, per gram of the 
zirconium-montmorillonite intercalation compound, 
was obtained. 

(2) Polymerization of ethylene 

Into a 2 I induction-stirring type autoclave thor- 
oughly flushed with purified nitrogen, 150 g of dry 
sodium chloride, the above solid catalyst in an 
amount corresponding to 8.5 umol of zirconium 
derived from the biscyclopentadienylzirconium di- 
chloride and 8.4 ml of a toluene solution of 
trimethylaluminum (10.18 mM) were introduced at 
room temperature under a nitrogen stream. The 
content of the autoclave was heated to 70 'C. 
Then, ethylene was introduced so that the ethylene 
partial pressure would be 9 kgf/cm 2 , and poly- 
merization was conducted for one hour. Then, the 
content of the autoclave was washed with water to 
remove sodium chloride. Then, the polymer was 



washed with hexane, whereby 127 g of powdery 
polyethylene having a bulk density of 0.45 g/cm 3 
and Mw/Mn being 2.3, was obtained. The amount 
of the polyethylene produced per gram of the zir- 
5 conium derived from biscyclopentadienylzirconium 
dichloride was 1.6 x 10 5 g, and the amount of the 
polyethylene produced per gram of the aluminum 
derived from trimethylaluminum, was 4,300 g. 

io EXAMPLE 16 

(1) Preparation of zirconium-bridged montmoril- 
lonite — ' 



75 The zirconium-montmorillonite intercalation 

compound prepared in Example 14 (1) was cal- 
cined in air at 40 "C for 4 hours to obtain 
zirconium-bridged montmorillonite. 

20 (2) Preparation of a catalyst 

fnto a 100 ml round bottom flask, 7.5 mg of 
commercially available biscyclopentadienyl zirco- 
nium dichloride was introduced, and the interior of 

25 the flask was flushed with nitrogen. Then, 10 ml of 
n-heptane was added thereto to obtain a slurry. 
Separately, 0.93 g of trimethylaluminum and 2.9 g 
of the zirconium-bridged montmorillonite prepared 
in Example 16 (1) were introduced, and 20 ml of n- 

30 heptane was added to each of them. While vigor- 
ously stirring the biscyclopentadienylzirconium di- 
chloride slurry, a trimethylaluminum solution is 
dropwise added thereto at room temperature, and 
then the zirconium-bridged montmorillonite slurry 

35 was dropwise added thereto. Heat was generated 
accompanied by generation of gas. After comple- 
tion of the dropwise addition, stirring was continued 
for two hours to obtain a gray catalyst slurry. The 
concentration of zirconium derived from 

40 biscyclopentadienylzirconium dichloride in the slur- 
ry, was 0.50 umol/i . 

(3) Copolymerization of ethylene and propylene 

45 Into a 2 I induction-stirring type autoclave 

flushed with purified nitrogen, 300 ml of n-hexane, 
2.2 ml of a toluene solution of trimethylaluminum 
(10.18 mM) and 4.4 ml of the above catalyst slurry 
were sequentially introduced at room temperature 

so under a nitrogen stream. Further, 600 ml of liquid 
propylene was introduced. The mixed solution was 
heated to 70 * C. Then, ethylene was introduced so 
that the ethylene partial pressure would be 7.6 
kgf/cm 2 , and polymerization was conducted for one 

55 hour. Then, supply of ethylene was stopped, and 
ethanol was introduced to terminate the polymer- 
ization. Then, the content of the autoclave was 
cooled to 30 " C, and the interior gas was purged. 
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As a result, 199 g of an ethylene-propylene 
copolymer with Mw/Mn being 2.2 was obtained. 
The amount of the copolymer produced per gram 
of the zirconium derived from biscyclopentadienyl- 
zirconium dichloride, was 1.0 x 10 6 g. Further, the 5 
amount of the copolymer produced per gram of the 
aluminum derived from trimethylaluminum, was 
6,600 g. 

EXAMPLE 17 

(1) Preparation of an aluminum-montmorillonite in- 
tercalation compound 



60.4 g of aluminum chloride hexahydrate 
(guaranteed grade, manufactured by Wako 
Junyaku K.K.) was dissolved in 250 ml of pure 
water, and 54.0 g of metal aluminum powder 
(manufactured by Wako Junyaku K.K.) was added 
thereto. The mixture was stirred under heating on a 
hot bath to mildly generate hydrogen. After com- 
pletion of generation of hydrogen, unreacted alu- 
minum powder was filtered off to obtain a solution 
of an aluminum chlorohydroxide complex. To this 
solution, 20 g of montmorillonite was added, and 
the mixture was stirred at 70 * C for one hour. The 
obtained slurry was subjected to filtration, followed 
by washing with 500 ml of hot pure water. Then, 
the product was dried overnight at room tempera- 
ture to obtain the above identified compound. 

(2) Preparation of a catalyst 



flushed with purified nitrogen, 300 ml of n-hexane, 
2.6 ml of a toluene solution of trimethylaluminum 
(10.18 mM) and 2.0 ml of the above catalyst slurry 
were sequentially introduced at room temperature 
under a nitrogen stream. Further, 600 ml of liquid 
propylene was introduced. The mixed solution was 
heated to 70 *C. Then, ethylene was introduced so 
that the ethylene partial pressure would be 7.6 
kgf/cm 2 , and polymerization was conducted for one 



ro hour. Then, supply of ethylene was stopped, and 
ethanol was introduced to terminate the polymer- 
ization. Then, the content of the autoclave was 
cooled to 30 °C, and the interior gas was purged. 
As a result, 54 g of an ethylene-propylene 
75 copolymer with Mw/Mn being 2.2 was obtained. 
The amount of the copolymer produced per gram 
of the zirconium derived from biscyclopentadienyl- 
zirconium chloride was 2.2 x 10 s g. Further, the 
amount of the copolymer produced per gram of the 
20 aluminum derived from trimethylaluminum was 
1,500 g. 

EXAMPLE 18 

25 (1) Preparation of a catalyst 

Into a 300 ml round bottom flask, 151 mg of 
commercially available biscyclopentadienylzir- 
conium dichloride was introduced, and the interior 
30 of the flask was thoroughly flushed with nitrogen. 
Then, 10 ml of n-heptane was added thereto to 
obtain a slurry. Separately, 3.72 g of 
trimethylaluminum and 12.0 g of commercially 
available montmorillonite were taken, respectively, 
and 10 ml and 80 ml of n-heptane were added, 
respectively. While vigorously stirring the 
biscyclopentadienylzirconium dichloride slurry, the 
trimethylaluminum solution was dropwise added 
thereto at room temperature, and then the mont- 
morillonite slurry was dropwise added. Heat was 
generated accompanied by generation of gas. After 
completion of the dropwise addition, stirring was 
continued for two hours to obtain a gray slurry. The 
zirconium concentration in the catalyst slurry was 
4.9 umol/ml. 

Further, in a separate 300 ml round bottom 
flask, 57.5 ml of the above slurry was taken at 
room temperature in a nitrogen atmosphere, and 
2.0 ml of a toluene solution of trimethylaluminum 
(1.40M) was added thereto. Then, ethylene gas 
was introduced into the system and prepolymeriz- 
ed at room temperature for 45 minutes. Then, the 
supernatant was removed, followed by washing 
with hexane. By this reaction, a solid catalyst con- 
taining 25.9 umol of zirconium, 3.0 mM of alu- 
minum and 3.4 g of polyethylene per gram of 
montmorillonite, was obtained. 



Into a 100 ml round bottom flask, 21.2 mg of 
commercially available biscyclopentadienylzir- 35 
conium dichloride was introduced, and the interior 
of the flask was flushed with nitrogen. Then, 10 ml 
of n-heptane was added thereto to obtain a slurry. 
Separately, 2.61 g of trimethylaluminum and 3.1 g 
of the aluminum-montmorilonite intercalation com- 40 
pound prepared in Example 17 (1) were taken, and 
20 ml of n-heptane was added to each of them. 
While vigorously stirring the biscyclopentadienylzir- 
conium dichloride slurry, the trimethylaluminum so- 
lution was dropwise added thereto at room tern- 45 
perature, and then the slurry of the aluminum- 
montmorillonite intercalation compound was drop- 
wise added thereto. Heat was generated accom- 
panied by generation of gas. After completion of 
the dropwise addition, stirring was continued for 50 
two hours to obtain a gray catalyst slurry. The 
concentration of zirconium derived from the 
biscyclopentadienylzirconium dichloride in the slur- 
ry was 1 .32 umol/ml. 

55 

(3) Copolymerization of ethylene and propylene 
Into a 2 I induction-stirring type autoclave 
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(2) Polymerization of ethylene 

Into a 2 t induction-stirring type autoclave thor- 
oughly flushed with purified nitrogen, 150 g of dry 
sodium chloride, the above solid catalyst in an 
amount corresponding to 8.5 umol of zirconium 
and 8.4 ml of a toluene solution of 
trimethylaluminum (10.10 mM) were introduced at 
room temperature under a nitrogen stream. The 
content of the autoclave was heated to 70 *C. 
Then, ethylene was introduced so that the ethylene 
partial pressure would be 9 kgf/cm 2 t and poly- 
merization was conducted for 30 minutes. Then, 
the content of the autoclave was washed with water 
to remove sodium chloride, and then the polymer 
was washed with hexane. As a result, 318 g of 
powdery polyethylene having a bulk density of 0.46 
g/cm 3 and Mw/Mn being 2.3 was obtained. The 
amount of the polyethylene produced per gram of 
zirconium was 4.1 x 10 5 g, and the amount of the 
polyethylene produced per gram of the aluminum 
derived from trimethylaluminum, was 11,000 g. 

EXAMPLE 19 

(1) Preparation of a catalyst 

Into a 300 ml round bottom flask, 57.5 ml of 
the slurry obtained in the same manner as in 
Example 18 (1) was taken at room temperature 
under a nitrogen atmosphere. Then, ethylene gas 
was introduced into the system and prepolymeriz- 
ed at room temperature for 45 minutes. Then, the 
supernatant was removed, followed by washing 
with hexane. By this reaction, a solid catalyst con- 
taining 25.4 umol of zirconium, 2.6 mM of alu- 
minum and 2.4 g of polyethylene per gram of 
montmorillonite, was obtained. 

(2) Polymerization of ethylene 

Using the catalyst prepared in Example 19 (1), 
polymerization was conducted in the same manner 
as in Example 18 (2) to obtain 184 g of powdery 
polyethylene having bulk density of 0.43 g/cm 3 and 
Mw/Mn being 2.1 . The amount of the polyethylene 
produced per gram of the zirconium was 2.4 x 10 5 
g, and the amount of the polyethylene produced 
per gram of the aluminum derived from 
trimethylaluminum, was 7,800 g. 

EXAMPLE 20 

. (1) Preparation of a catalyst 

Into a 300 ml round bottom flask, 60 mt of the 
slurry having a Zr concentration of 4.9 nmol/ml of 
Example 18 (1), was taken at room temperature 



under a nitrogen atmosphere. Then, ethylene gas 
was introduced into the system and prepolymeriz- 
ed at room temperature for 45 minutes to obtain a 
catalyst slurry. 

5 

(2) Polymerization of ethylene 

Into a 2 I induction-stirring type autoclave thor- 
oughly flushed with purified nitrogen, 150 g of dry 

70 sodium chloride and 1.7 ml of the above catalyst 
slurry were introduced at room temperature under 
a nitrogen stream. The content of the autoclave 
was heated to 70 *C. Then, ethylene was intro- 
duced so that the ethylene partial pressure would 

75 be 9 kgf/cm 2 , and polymerization was conducted 
for one hour. Then, the content of the autoclave 
was washed with water to remove sodium chloride. 
Then, the polymer was washed with hexane. As a 
result, 191 g of powdery polyethylene having a 

20 bulk density of 0.43 g/cm 3 and Mw/Mn being 2.4 
was obtained. The amount of the polyethylene pro- 
duced per gram of the zirconium was 2.5 x 10 5 g, 
and the amount of the polyethylene produced per 
gram of the aluminum derived from 

25 trimethylaluminum, was 8,500 g. 

EXAMPLE 21 

(1) Polymerization of ethylene 

30 

Into a 2 t induction-stirring type autoclave thor- 
oughly flushed with purified nitrogen, 150 g of dry 
sodium chloride, 1.7 m! of the catalyst slurry hav- 
ing a Zr concentration of 4.9 nmol/ml of Example 

35 18 (1) as it is without prepolymerization, and 8.4 ml 
of a toluene solution of trimethylaluminum (10.10 
mM) were introduced at room temperature under a 
nitrogen stream. The content of the autoclave was 
heated to 70 'C. Then, ethylene was introduced so 

40 that the ethylene partial pressure would be 9 
kgf/cm 2 , and the polymerization was conducted for 
30 minutes. Then, the content of the autoclave was 
washed with water to remove sodium chloride. 
Then, the polymer was washed with hexane. As a 

45 result, 230 g of powdery polyethylene having a 
bulk density of 0.32 g/cm 3 and Mw/Mn being 2.3 
was obtained. The amount of the polyethylene pro- 
duced per gram of the zirconium was 3.0 x 10 s g, 
and the amount of the polyethylene per gram of 

50 the aluminum derived from trimethylaluminum, was 
9,300 g. 

EXAMPLE 22 

55 (1) Preparation of a catalyst 

A catalyst was prepared in the same manner 
as in Example 18 (1) except that the order of 
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addition of the montmorillonite slurry and the 
trimethylaluminum was reversed. 

(2) Polymerization of ethylene 

Using the catalyst prepared in Example 22 (1), 
polymerization was conducted in the same manner 
as in Example 18 (2), whereby 166 g of polyethyl- 
ene having a bulk density of 0.44 g/cm 3 and 
Mw/Mn being 2.3 was obtained. The amount ol the 
polyethylene produced per gram of the zirconium 
was 2.1 x 10 5 g, and the amount of the polyethyl- 
ene produced per gram of the aluminum derived 
from trimethylaluminum, was 5,800 g. 

EXAMPLE 23 

(1) Preparation of a solid catalyst 

Into a 300 ml round bottom flask, 18.1 g of 
commercially available montmorillonite was intro- 
duced, and the interior of the flask was thoroughly 
flushed with nitrogen. Then, 80 ml of n-heptane 
was added thereto to obtain a slurry. Separately, 
6.25 g of trimethylaluminum was dissolved in 20 ml 
of n-heptane. While vigorously stirring the 
trimethylaluminum solution, the montmorillonite 
slurry was slowly dropwise added thereto at room 
temperature. Heat was generated accompanied by 
generation of gas. After completion of the dropwise 
addition, stirring was continued for two hours to 
obtain a gray slurry. 

Further, into a separate 300 ml round bottom 
flask, 25 mg of biscyclopentadienylzirconium di- 
chloride was introduced at room temperature under 
a nitrogen atmosphere and preliminarily contacted 
with 5.4 ml of a toluene solution of 
trimethylaluminum (0.1 59M) for 30 minutes. Fur- 
ther, 10.4 ml of the slurry prepared as described 
above was added thereto, and the mixture was 
stirred for 20 minutes. Then, ethylene gas was 
introduced into the system and prepolymerized at 
room temperature for 45 minutes. Then, the super- 
natant was removed, followed by washing with hex- 
ane. By this reaction, a solid catalyst containing 
36.0 umol of zirconium, 3.9 mM of aluminum and 
3.2 g of polyethylene per gram of montmorillonite, 
was obtained. 

(2) Polymerization of ethylene 

Using the catalyst prepared in Example 23 (1), 
polymerization was conducted in the same manner 
as in Example 18 (2), whereby 254 g of polyethyl- 
ene having a bulk density of 0.42 g/cm 3 and 
Mw/Mn being 2.1 was obtained. The amount of the 
polyethylene produced per gram of the zirconium 
was 3.3 x 10 s g, and the amount of the polyethyl- 



ene produced per gram of the aluminum derived 
from trimethylaluminum, was 9,400 g. 

EXAMPLE 24 

5 

(1) Preparation of bis(cyclopentadienyl)(methyl)- 
zirconium(tetraphenylborate) tetrahydrofuran com- 
plex of component (A) 

10 Into a 300 ml round bottom flask, 7.5 g of 

commercially available biscyclopentadienylzir- 
conium dichloride was introduced, and the interior 
of the flask was thoroughly flushed with nitrogen. 
Then, 120 ml of ethyl ether was added thereto at 

75 -20 °C to obtain a slurry. To this slurry, 32 ml of a 
hexane solution of methyllithium (1.6M) was gradu- 
ally added at -20* C, and the mixture was stirred at 
0°C for 30 minutes. Then, the solvent was evap- 
orated, and the remained solid was sublimed and 

20 purified under reduced pressure of 2 x 10~ 4 
mmHg at a temperature of from 60 to 80° C to 
obtain biscyclopentadienylzirconium dimetyl. Sepa- 
rately, an aqueous solution containing 3.40 g of 
silver nitrate and 6.84 g of sodium tetraphenyl 

25 borate were mixed to obtain silver tetraphenyl bo- 
rate. 

The biscyclopentadienylzirconium dimethyl 
prepared as described above, was dissolved in 10 
ml of acetonitrile. To this solution, a slurry of 1 .0 g 

30 of silver tetraphenyl borate in acetonitrile (10 ml) 
was added at 0 * C, and the mixture was stirred for 
one hour. The obtained solution was separated 
from the solid and evaporated to dryness, followed 
by washing with cool acetonitrile. Then, the product 

35 was recrystallized from acetonitrile and dried under 
reduced pressure for 48 hours. The obtained solid 
was recrystallized three times from tetrahydrofuran 
to obtain the above-identified complex. 

40 (2) Preparation of a solid catalyst 

Into a 300 ml round bottom flask, 324 mg of 
the above complex was introduced, and the interior 
of the flask was thoroughly flushed with nitrogen. 

45 Then, 10 ml of n-heptane was added thereto to 
obtain a slurry. Separately, 3.72 g of 
trimethylaluminum and 12.0 g of commercially 
available montmorillonite were taken separately, 
and 10 ml and 80 ml of n-heptane were added, 

50 respectively. While vigorously stirring the complex 
slurry, the trimethylaluminum solution was drop- 
wise added at room temperature, and then the 
montmorillonite slurry was dropwise added thereto. 
Heat was generated accompanied by generation of 

55 gas. After completion of the dropwise addition, 
stirring was continued for two hours to obtain a 
gray slurry. The zirconium concentration in the 
catalyst slurry was 4.9 umol/ml. 
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Further, into a separate 300 ml round bottom 
flask, 57.5 ml of the above slurry was taken at 
room temperature under a nitrogen atmosphere, 
and 2.0 ml of a toluene solution of 
trimethylaluminum (1.40M) was added thereto. 
Then, ethylene gas was introduced into the system 
and prepolymerized at room temperature for 3 
hours. Then, the supernatant was removed, fol- 
lowed by washing with hexane. By this reaction, a 
solid catalyst containing 24.6 umol of zirconium, 
3.3 mM of aluminum and 0.2 g of polyethylene per 
gram of montmorillonite, was obtained. 

(3) Copolymerization of ethylene and propylene 

Into a 2 I induction-stirring type autoclave thor- 
oughly flushed with purified nitrogen, 150 g of dry 
sodium chloride, the above solid catalyst of Exam- 
ple 24 (2) in an amount corresponding to 8.5 umol 
of zirconium, and 8.4 ml of a toluene solution of 
trimethylaluminum (10.10 mM) were introduced at 
room temperature under a nitrogen stream. Then, 
the autoclave was heated to 70 "C, and a gas 
mixture of ethylene and propylene (propylene: 25 
moi%) was introduced so that the gas mixture 
pressure would be 9 kgf/cm 2 , and polymerization 
was conducted for 15 minutes. Then, supply of the 
gas mixture was stopped, and ethanol was intro- 
duced to terminate the polymerization. Then, the 
content of the autoclave was cooled to 30° C, and 
the interior gas was purged. The content was 
washed with water and further with hexane. As a 
result, 19 g of an ethylene-propylene copolymer 
having a bulk density of 0.40 g/cm 3 and Mw/Mn 
being 2.6, was obtained. The amount of the 
copolymer produced per gram of the zirconium 
was 2.5 x 10 4 g, and the amount of the copolymer 
produced per gram of the aluminum derived from 
trimethylaluminum, was 570 g. 

(4) Copolymerization of ethylene and propylene 

Polymerization was conducted in the same 
manner as in Example 24 (3) except that the cata- 
lyst slurry prepared in Example 24 (2) was used 
without the prepolymerization, whereby 11 g of an 
ethylene-propylene copolymer having a bulk den- 
sity of 0.31 g/cm 3 and Mw/Mn being 2.8 was ob- 
tained. The amount of the copolymer produced per 
gram of the zirconium was 1.4 x 10 4 g, and the 
amount of the copolymer produced per gram of the 
aluminum derived from trimethylaluminum, was 
440 g. 

EXAMPLE 25 

(1) Preparation of a solid catalyst 



Into a 300 ml round bottom flask, 17.7 g of 
commercially available montmorillonite was intro- 
duced, and the interior of the flask was thoroughly 
flushed with nitrogen. Then, 80 ml of toluene was 

5 added thereto to obtain a slurry. Separately, 5.86 g 
of trimethylaluminum was dissolved in 20 ml of 
toluene. While vigorously stirring the 
trimethylaluminum solution, the montmorillonite 
slurry was gradually dropwise added thereto at 

70 room temperature. Heat was generated accompa- 
nied with generation of gas. After completion of the 
dropwise addition, stirring was continued for two 
hours to obtain a greenish gray slurry was ob- 
tained. 

75 Further, into a separate 300 ml round bottom 

flask, 36.5 mg of ethylene bis(4,5,6,7-tetrahydroin- 
denyl)zirconium dichloride was introduced at room 
temperature under a nitrogen atmosphere, and pre- 
liminarily contacted with 5.4 ml of a toluene solu- 

20 tion of trimethylaluminum (0.1 59M) for 30 minutes, 
and 11.1 ml of the slurry prepared as described 
above, was further added. The mixture was stirred 
for 20 minutes. Then, propylene gas was intro- 
duced into the system and prepolymerized at room 

25 temperature for one hour. Then, the supernatant 
was removed, followed by washing with hexane. By 
this reaction, a solid catalyst containing 34.5 umol 
of zirconium, 3.8 mM of aluminum and 3.6 g of 
polypropylene per gram of montmorillonite, was 

30 obtained. 

(2) Polymerization of propylene 

Into a 2 I induction-stirring type autoclave thor- 

35 oughly flushed with purified nitrogen, 150 g of dry 
sodium chloride, the above solid catalyst in an 
amount corresponding to 8.5 umol of zirconium 
and 8.4 ml of a toluene solution of a 
trimethylaluminum (10.10 mM) were introduced at 

40 room temperature under a nitrogen stream. The 
content of the autoclave was heated to 70 *C. 
Then, propylene was introduced so that the pro- 
pylene partial pressure would be 7 kgf/cm 2 , and 
polymerization was conducted for 30 minutes. 

45 Then, supply of propylene was stopped, and 
ethanol was introduced to terminate the polymer- 
ization. Then, the content of the autoclave was 
cooled to 30 *C, and the interior gas was purged. 
The content was washed with water and further 

50 with hexane. As a result, 222 g of polypropylene 
having a bulk density of 0.46 g/cm 3 and Mw/Mn 
being 2.1 was obtained. The amount of the poly- 
propylene produced per gram of the zirconium was 
2.9 x 10 5 g, and the amount of the propylene 

55 produced per gram of the aluminum derived from 
trimethylaluminum, was 8,100 g. The boiling hep- 
tane insoluble content of the obtained poly- 
propylene was 97%. 
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EXAMPLE 26 

(1 ) Preparation of a solid catalyst 

A solid catalyst was prepared in the same 
manner as in Example 25 (1) except that 37.0 mg 
of isopropylidene(cyclopentadienyl)(fluorenyl)- 
zirconium dichloride was used instead of 36.5 mg 
of ethylene bis(4,5,6,7-tetrahydroindenyl)zirconium 
dichloride. By this reaction, a solid catalyst contain- 
ing 35.0 umol of zirconium, 3.9 mM of aluminum 
and 3.0 g of polypropylene per gram of montmoril- 
lonite, was obtained. 

(2) Polymerization of propylene 

Polymerization was conducted in the same 
manner as in Example 25 (2) except that 
isopropylidene(cyclopentadienyl)(fluorenyl)- 
zirconium dichloride was used instead of ethylene 
bis(4,5,6,7-tetrahydroindenyl)zirconiumdichloride. 
As a result, 204 g of polypropylene having a bulk 
density of 0.45 g/cm 3 and Mw/Mn being 2.1 was 
obtained. The amount of the polypropylene pro- 
duced per gram of the zirconium was 2.6 x 10 s g, 
and the amount of the polypropylene produced per 
gram of the aluminum derived from 
trimethylaluminum, was 7,300 g. The rrrr by 13 C- 
NMR of the obtained polymer was 90%. 

EXAMPLE 27 

(1) Preparation of a catalyst 

Into a 500 ml round bottom flask, 57.5 ml of a 
slurry prepared in the same manner as in Example 
18 (1) was taken at room temperature under a 
nitrogen atmosphere, and 2.0 ml of a toluene solu- 
tion of trimethylaluminum (1 .40M) was added there- 
to. Then, ethylene gas was introduced into the 
system and prepolymerized at 40° C for 4 hours. 
Then, the supernatant was removed, followed by 
washing with hexane. By this reaction, a solid cata- 
lyst containing 25.0 umol of zirconium, 3.1 mM of 
aluminum and 126 g of polyethylene per gram of 
montmorillonite, was obtained. 

(2) Polymerization of ethylene 

Using the catalyst prepared in Example 27 (1), 
polymerization was conducted in the same manner 
as in Example 18 (2), whereby 302 g of powdery 
polyethylene having a bulk density of 0.44 g/cm 3 
was obtained. The amount of the polyethylene pro- 
duced per gram of the zirconium was 3.9 x 10 5 g, 
and the amount of polyethylene produced per gram 
of the aluminum derived from trimethylaluminum, 
was 9,800 g. 



EXAMPLE 28 

(1) Preparation of a catalyst 

5 A gray slurry was prepared in the same man- 

ner as in Example 18 (1) except that 9.89 g of mica 
(MK-100, manufactured by Corp Chemical) with a 
pore volume of pores having radii of at least 20 A 
as measured by a mercury injection method being 

70 0.670 cc/g. was used instead of montmorillonite. 
The zirconium concentration in the catalyst slurry 
was 4.9 umol/ml. 

Further, into a separate 300 ml round bottom 
flask, 57.5 ml of the above slurry was taken at 

75 room temperature under a nitrogen atmosphere, 
and 2.0 ml of a toluene solution of 
trimethylaluminum (1.40M) was added thereto. 
Then, ethylene gas was introduced into the system 
and prepolymerized at 40 *C for one hour. Then, 

20 the supernatant was removed, followed by washing 
with hexane. By this reaction, a solid catalyst con- 
taining 27.1 umol of zirconium, 2.8 mM of alu- 
minum and 7.7 g of polyethylene per gram of mica, 
was obtained. 

25 

(2) Polymerization of ethylene 

Polymerization was conducted in the same 
manner as in Example 18 (2) except that the above 

30 solid catalyst was employed and the polymerization 
time was changed to one hour, whereby 104 g of 
powdery polyethylene having a bulk density of 0.46 
g/cm 3 was obtained. The amount of the polyethyl- 
ene produced per gram of the zirconium was 1 .3 x 

35 10 s g, and the amount of the polyethylene pro- 
duced per gram of the aluminum derived from 
trimethylaluminum, was 4,000 g. 

EXAMPLE 29 

40 

(1) Preparation of a catalyst 

Into a 100 ml round bottom flask thoroughly 
flushed with nitrogen, a toluene solution containing 

45 1.48 mg of commercially available biscyclopen- 
tadienylzirconium dichloride, was introduced, and 
1.3 mM of trimethylaluminum was added thereto 
under stirring at room temperature. 

Into a separate 100 ml round bottom flask, 0.55 

50 g of magnesium silicate pentahydrate 
(manufactured by Wako Junyaku Kogyo K.K.) with 
a pore volume of pores having radii of at least 20 A 
as measured by a mercury injection method being 
0.803 cc/g, was introduced, and the interior of the 

55 flask was thoroughly flushed with nitrogen. Then, 
45 ml of toluene was added thereto to obtain a 
slurry. 

7.5 ml of this slurry was added to the above 
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contacted product o1 biscyclopentadienylzirconium 
dichloride and trimethylaluminum, at room tem- 
perature. After completion of the addition, stirring 
was continued at room temperature for one hour to 
obtain a catalyst slurry. 

(2) Copolymerization of ethylene and propylene 

Into a 2 I induction-stirring type autoclave 
flushed with purified nitrogen, 300 ml of n-hexane, 
24 umol of trimethylaluminum and then the entire 
amount of the above catalyst slurry were intro- 
duced at room temperature under a nitrogen 
stream. Further, 600 ml of liquid propylene was 
introduced. 

The mixed solution was heated to 70 * C. Then, 
ethylene was introduced so that the ethylene partial 
pressure would be 7.6 kgf/cm 2 , and polymerization 
was conducted for one hour. Then, supply of eth- 
ylene was stopped, and ethano! was introduced to 
terminate the polymerization to obtain 75.0 g of an 
ethylene-propylene copolymer. The amount of the 
copolymer produced per gram of the zirconium 
was 1.6 x 10 5 g, the amount of the copolymer 
produced per gram of the aluminum derived from 
trimethylaluminum, was 2.1 x 10 3 g, and the 
amount of the copolymer produced per gram of 
magnesium silicate was 1.1 x 10 3 g. 

Further, the propylene content in the obtained 
polymer was 8.1 mol%. 

COMPARATIVE EXAMPLE 4 

(1) Preparation of a catalyst 

A catalyst solution was prepared in the same 
manner as in Example 29 (1) except that no mag- 
nesium silicate was employed. 

(2) Copolymerization of ethylene and propylene 

Polymerization was conducted in the same 
manner as in Example 29 (2) except that the cata- 
lyst prepared in Comparative Example 4 (1) was 
used as the catalyst. The obtained polymer was in 
a trace amount. 

COMPARATIVE EXAMPLE 5 

(1) Preparation of a catalyst 

Into a 100 ml round bottom flask thoroughly 
flushed with nitrogen, a toluene solution containing 
0.72 mg of commercially available biscyclopen- 
tadienylzirconium dichloride was introduced, and a 
toluene solution containing 3.7 mM as aluminum 
atom of methylaluminoxane (molecular weight: 
1,232, manufactured by TOSO-ACZO) was added 



thereto under stirring at room temperature. After 
completion of the addition, stirring was continued at 
room temperature for one hour to obtain a catalyst. 

5 (2) Copolymerization of ethylene and propylene 

Using the catalyst prepared in Comparative 
Example 5 (1), polymerization was conducted in 
the same manner as in Example 29 (2) except that 

io no trimethylaluminum was employed, to obtain 8.3 
g of an ethylene-propylene copolymer. The amount 
of the copolymer produced per gram of the zirco- 
nium was 3.7 x 10 4 g, and the amount of the 
copolymer produced per gram of the aluminum 

75 derived from methylaminoxane, was 83 g. 

EXAMPLE 30 

(1) Preparation of a catalyst 

20 — — 

A catalyst slurry was prepared in the same 
manner as in Example 29 (1) using 0.83 mg of 
biscyclopentadienylzirconium dichloride, 1.4 mM of 
trimethylaluminum, 0.55 g of calcium silicate 
25 (manufactured by Wako Junyaku Kogyo K.K.) with 
a pore volume of pores having radii of at least 20 A 
as measured by a mercury injection method being 
0.681 cc/g, 24 ml of toluene and 2.0 ml of a 
calcium silicate slurry. 

30 

(2) Copolymerization of ethylene and propylene 

Polymerization was conducted in the same 
manner as in Example 29 (2) except that the cata- 

35 lyst prepared in Example 30 (1) was used as the 
catalyst, whereby 47.1 g of an ethylene-propylene 
copolymer was obtained. The amount of the 
copolymer produced per gram of the zirconium 
was 1.8 x 10 s g, and the amount of the copolymer 

40 produced per gram of the aluminum derived from 
trimethylaluminum, was 1.2 x 10 3 g. 

EXAMPLE 31 

45 (1) Preparation of a catalyst 

Into a 300 ml round bottom flask, 50 ml of 
toluene was introduced, and 0.3 mM of 
trimethylaluminum was added thereto. Then, the 

50 entire amount of the catalyst slurry prepared in the 
same manner as in Example 29 (1) except that 
1.65 g of magnesium silicate pentahydrate, was 
used, was added thereto. Then, ethylene was intro- 
duced under stirring and prepolymerized at room 

55 temperature for one hour. After completion of the 
reaction, the supernatant was removed, followed by 
washing with n-hexane. By this reaction, a solid 
catalyst slurry containing 40.9 limol of zirconium, 
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5.4 mM of aluminum and 2.7 g of polyethylene per 
gram of magnesium silicate, was obtained. 

(2) Copoiymerization of ethylene and propylene 

Polymerization was conducted in the same 
manner as in Example 29 (2) except that the cata- 
lyst prepared in Example 31 (1) was used as the 
catalyst, to obtain 99.2 g of an ethylene-propylene 
copolymer having a propylene content of 8.0 
mol%. The amount of the copolymer produced per 
gram of the zirconium was 1.3 x 10 5 g, and the 
amount of the copolymer produced per gram of the 
aluminum was 3.3 x 10 3 g. 

EXAMPLE 32 

(1) Preparation of a catalyst 

A catalyst slurry was prepared in the same 
manner as in Example 29 (1) except that 2.16 mg 
of ethylene bis{4 r 5,6,7-tetrahydroindenyl)zirconium 
dichloride was used as component (A). 

(2) Polymerization of propylene 



Into a 2 Jt induction-stirring type autoclave thor- 
oughly flushed with purified nitrogen, 300 ml of 
toluene, 24 umol of trimethylaluminum and then 
the catalyst slurry prepared in Example 32 (1) were 
introduced at room temperature under a nitrogen 
stream, and 600 ml of liquid propylene was further 
introduced. 

The autoclave was heated to 70 'C, and poly- 
merization was conducted for 30 minutes. Then, 
the interior gas of the autoclave was purged to 
obtain 63.5 g of a propylene polymer. The amount 
of the polymer produced per gram of the zirconium 
was 1.4 x 10 s g, the amount of the polymer 
produced per gram of the aluminum derived from 
trimethylaluminum, was 1.8 x 10 3 g. Further, the 
boiling heptane insoluble content (value after reflux- 
ing for three hours) showing the stereos pecificity, 
was 96%. 

EXAMPLE 33 

(1) Preparation of a catalyst 

A catalyst slurry was prepared in the same 
manner as in Example 29 (1) except that 2.19 mg 
of isopropylidene(cyclopentadienyl)(fluorenyl)- 
zirconium dichloride was used as component (A). 

(2) Polymerization of propylene 

Polymerization was conducted in the same 
manner as in Example 32 (2) except that the cata- 



lyst prepared in Example 33 (1) was used as the 
catalyst, whereby 67.2 g of a propylene polymer 
was obtained. The amount of the polymer pro- 
duced per gram of the zirconium was 1.4 x 10 5 g, 
5 the amount of the polymer produced per gram of 
the aluminum derived from trimethylaluminum, was 
1.9 x 10 3 g. Further, the syndiotactic* pentad of the 
obtained polymer was measured by 13 C-NMR and 
was found to be 91%. 

70 

COMPARATIVE EXAMPLE 6 
(1) Preparation of a catalyst 



75 A catalyst slurry was prepared in the same 

manner as in Example 29 (1) using 0.73 mg of bis- 
(cyclopentadienyl)zirconium dichloride, 1.3 mM of 
trimethylaluminum, 1.30 g of silica (Fuji Davison 
952, water content: 14.5 wt%), 42 ml of toluene 

20 and 5.0 ml of a silica slurry. 

(2) Copoiymerization of ethylene and propylene 

Polymerization was conducted in the same 
25 manner as in Example 29 (2) except that a catalyst 
prepared in Comparative Example 6 (1) was used 
as the catalyst, whereby 16.5 g of an ethylene- 
propylene copolymer was obtained. 

The amount of the copolymer produced per 
30 gram of the zirconium was 7.2 x 10 4 g. Further, 
the amount of the copolymer per gram of the 
aluminum derived from trimethylaluminum, was 4.8 
x iryg. 

35 EXAMPLE 34 

(1) Preparation of a catalyst 

Into a 300 ml round bottom flask, 15.1 mg of 

40 commercially available biscyclopentadienylzir- 
conium dichloride was introduced, and the interior 
of the flask was thoroughly flushed with nitrogen. 
Then, 50 ml of n-heptane was added thereto to 
obtain a slurry. Separately, 1.86 g of 

45 trimethylaluminum and 4.86 g of commercially 
available diatomaceous earth (Kunilite 401, 
Kunimine Kogyo K.K.; same applies hereinafter) 
were taken, respectively, and 10 ml and 40 ml of n- 
heptane were added, respectively. While vigorously 

50 stirring the biscyclopentadienylzirconium dichloride 
slurry, the trimethylaluminum solution was drop- 
wise added thereto at room temperature, and then 
the diatomaceous slurry was dropwise added. Heat 
was generated accompanied by generation of gas. 

55 After completion of the dropwise addition, stirring 
was continued for two hours to obtain a gray slurry. 
The zirconium concentration in the catalyst slurry 
was 0.47 umol/ml. 
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(2) Polymerization of ethylene 

Into a 2 I induction-stirring type autoclave 
flushed with nitrogen, 500 ml of n-hexane, 1.9 ml of 
a toluene solution of trimethylaluminum (10.18 mM) 
and 5.1 ml of the above catalyst slurry were se- 
quentially introduced at room temperature under a 
nitrogen stream. The mixed solution was heated to 
70 °C. Then, ethylene was introduced so that the 
ethylene partial pressure would be 9 kgf/cm 2 , and 
polymerization was conducted for one hour, then, 
supply of ethylene was topped, and ethanol was 
introduced to terminate the polymerization. Then, 
the content of the autoclave was cooled to 30 *C, 
and the interior gas was purged. As a result, 46 g 
of powdery polyethylene with Mw/Mn being 2.3 
was obtained. The amount of the polymer pro- 
duced per gram of the zirconium was 2.1 x 10 5 g, 
and the amount of the polymer produced per gram 
of the aluminum derived from trimethylaluminum, 
was 6,700 g. 

(3) Copolymerization of ethylene and propylene 

Into a 2 I induction-stirring type autoclave 
flushed with purified nitrogen, 300 ml of n-hexane, 
1.9 ml of a toluene solution of trimethylaluminum 
(10.18 mM) and 5.1 ml of the above catalyst slurry 
were sequentially introduced at room temperature 
under a nitrogen stream. Further, 600 ml of liquid 
propylene was introduced. The mixed solution was 
heated to 70 • C. Then, ethylene was introduced so 
that the ethylene partial pressure would be 7.6 
kgf/cm 2 , and polymerization was conducted for one 
hour. Then, supply of ethylene was stopped, and 
ethanol was introduced to terminate the polymer- 
ization. Then, the content of the autoclave was 
cooled to 30* C, and the interior gas was purged. 
As a result, 55 g of an ethylene-propylene 
copolymer with Mw/Mn being 2.2 was obtained. 
The amount of the copolymer produced per gram 
of the zirconium was 2.5 x 10 5 g. Further, the 
amount of the copolymer per gram of the alu- 
minum derived from trimethylaluminum was 7,900 
9- 

EXAMPLE 35 

(1) Preparation of a catalyst 

Into a 300 ml round bottom flask, 150 mg of 
commercially available biscyclopentadienylzir- 
conium dichloride was introduced, and the interior 
of the flask was thoroughly flushed with nitrogen. 
Then, 10 ml of n-heptane was added thereto to 
obtain a slurry. Separately, 1.38 g of 
triethylaluminum and 9.6 g of commercially avail- 
able diatomaceous earth were taken, respectively, 



and 10 ml and 80 ml of n-heptane were added, 
respectively. While vigorously stirring the 
biscyclopentadienylzirconium dichloride slurry, the 
trimethylaluminum solution was dropwise added at 

5 room temperature, and then the diatomaceous 
earth slurry was dropwise added thereto. Heat was 
generated accompanied by generation of gas. After 
completion of the dropwise addition, stirring was 
continued for two hours to obtain a gray slurry. The 

io zirconium concentration in the catalyst slurry was 

4.7 umol/ml. 

Into a 300 ml round bottom flask, 60 ml of the 
above slurry was taken at room temperature under 
a nitrogen atmosphere, and 2.0 ml of a toluene 

75 solution of trimethylaluminum (1.40M) was added 
thereto. Then, ethylene gas was introduced into the 
system and prepolymerized at room temperature 
for one hour. Then, the supernatant was removed, 
followed by washing with hexane. By this reaction, 

20 a solid catalyst containing 34.7 u,mol of zirconium, 

3.8 mM of aluminum and 1.1 g of polyethylene per 
1 g of diatomaceous earth, was obtained. 

(2) Polymerization of ethylene 

25 " ~ 

Into a 2 X induction-stirring type autoclave thor- 
oughly flushed with purified nitrogen, 150 g of dry 
sodium chloride, the above solid catalyst in an 
amount corresponding to 8.5 umol of zirconium 

30 and 8.4 ml of a toluene solution of 
trimethylaluminum (10.18 mM) were introduced at 
room temperature under a nitrogen stream. The 
content of the autoclave was heated to 70 *C. 
Then, ethylene was introduced so that the ethylene 

35 partial pressure would be 9 kgf/cm 2 , and poly- 
merization was conducted for one hour. Then, the 
content of autoclave was washed with water to 
remove sodium chloride. Then, the polymer was 
washed with hexane. As a result, 149 g of powdery 

40 polyethylene having a bulk density of 0.45 g/cm 3 
and Mw/Mn being 2.3 was obtained. The amount of 
the polyethylene produced per gram of the zirco- 
nium was 1.9 x 10 s g, and the amount of the 
polyethylene produced per gram of the aluminum 

45 derived from trimethylaluminum, was 5,400 g. 

EXAMPLE 36 

(1) Preparation of a catalyst 

50 

Into a 100 ml round bottom flask, 14.8 mg of 
commercially available bis(cyclopentadienyl)- 
zirconium dichloride was introduced, and the inte- 
rior of the flask was thoroughly flushed with nitro- 
55 gen. Then, 10 ml of n-heptane was added thereto 
to obtain a slurry. Separately, 1.83 g of 
trimethylaluminum and 3.18 g of zeolite (Zeolite 
Beta, manufactured by PQ Corporation; same ap- 
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plies hereinafter) were taken, respectively, and 20 
ml of n-heptane was added to each of them. While 
vigorously stirring the bis(cyclopentadienyl)- 
zirconium dichloride, the trimethylaluminum solu- 
tion was dropwise added thereto at room tempera- 
ture, and then the zeolite slurry was dropwise ad- 
ded thereto. Heat was generated accompanied by 
generation of gas. After completion of the dropwise 
addition, stirring was continued for two hours to 
obtain a gray slurry. The zirconium concentration in 
the catalyst slurry was 1.01 umol/ml. 

(2) Polymerization of ethylene 

Polymerization was conducted in the same 
manner as in Example 34 (2) except that the 
amount of the toluene solution of 
trimethylaluminum was changed to 1.8 ml and the 
amount of the catalyst slurry introduced, was 
changed to 1.8 ml, whereby 91 g of powdery 
polyethylene with Mw/Mn being 2.3 was obtained. 
The amount of the polymer produced per gram of 
the zirconium was 5.5 x 10 5 g. Further, the amount 
of the polymer produced per gram of the aluminum 
derived from trimethyl aluminum, was 3,600 g. 

(3) Copolymerization of ethylene and propylene 

Copolymerization was conducted in the same 
manner as in Example 34 (3) except that the 
amount of the toluene solution of 
trimethylaluminium was changed to 1 .8 ml and the 
amount of the above catalyst slurry introduced, was 
changed to 1.8 ml, whereby 130 g of an ethylene- 
propylene copolymer with Mw/Mn being 2.2 was 
obtained. The amount of the copolymer produced 
per gram of the zirconium was 7.8 x 10 s g. Fur- 
ther, the amount of the copolymer produced per 
gram of the aluminum derived from 
trimethylaluminum, was 5,200 g. 

EXAMPLE 37 

(1) Preparation of a catalyst 

Into a 100 ml round bottom flask, 50 mg of 
commercially available bis(cyclopentadienyl)- 
zirconium dichloride was introduced, and the inte- 
rior of the flask was thoroughly flushed with nitro- 
gen. Then, 10 ml of n-heptane was added thereto 
to obtain a slurry. Separately, 1.25 g of 
trimethylaluminum and 2.31 g of zeolite were tak- 
en, respectively, and 20 ml of n-heptane was ad- 
ded to each of them. While vigorously stirring the 
bis(cyclopentadienyl)zircondium dichloride slurry, 
the trimethylaluminum solution was dropwise ad- 
ded thereto at room temperature, and then the 
zeolite slurry was dropwise added thereto. Heat 



was generated accompanied by generation of thus. 
After completion of the dropwise addition, stirring 
was continued for two hours to obtain a gray slurry. 
The zirconium concentration in the catalyst slurry 

5 was 3.4 umol/ml. 

Into 100 ml round bottom flask, 40 ml of the 
above slurry was taken at room temperature under 
a nitrogen atmosphere, and 1.0 ml of a toluene 
solution of trimethylaluminum (1.40M) was added 

70 thereto. Then, ethylene gas was introduced into the 
system and prepolymerized at room temperature 
for 3 hours. Then, the supernatant was removed, 
followed by washing with hexane. By this reaction, 
a solid catalyst containing 45.9 umol of zirconium, 

;5 5.9 mM of aluminum and 2.4 g of polyethylene per 
gram of zeolite, was obtained. 

(2) Polymerization of ethylene 

20 Polymerization was conducted in the same 

manner as in Example 35 (2) except that the above 
solid catalyst was employed, whereby 79 g of 
powdery polyethylene having a bulk density of 0.44 
g/cm 3 was obtained. The amount of the polyethyl- 

25 ene produced per gram of the zirconium was 1 .0 x 
10 5 g, and the amount of the polyethylene pro- 
duced per gram of the aluminum derived from 
trimethylaluminum, was 2,500 g. 

so Claims 

1. A catalyst for polymerizing an olefin which 
consists essentially of a product obtained by 
contacting (A) a metal locene- type transition 

35 metal compound, (B) at least one member 

selected from the group consisting of clay, 
clay minerals, ion exchanging layered com- 
pounds, diatomaceous earth, silicates and 
zeolites, and (C) an organic aluminum com- 

40 pound. 

2. The catalyst according to Claim 1, wherein 
component (B) is clay, clay minerals or ion 
exchanging layered compounds. 

45 

3. The catalyst according to Claim 2, wherein 
component (B) is clay or clay minerals. 

4. The catalyst according to Claim 2, wherein 
50 component (B) is montmorillonite. 

5. The catalyst according to Claim 1, wherein 
component (B) is diatomaceous earth. 

55 6. The catalyst according to Claim 1, wherein 
component (B) is a silicate or zeolite. 

7. The catalyst according to Claim 1, wherein the 
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pore volume of pores having radii of at least 20 
A of component (B) is at least 0.1 cc/g as 
measured by a mercury injection method. 

8. The catalyst according to Claim 7, wherein the 
pore volume is within a range of from 0.3 to 5 
cc/g. 

9. The catalyst according to Claim t, wherein 
component (B) is chemically treated. 

10. The catalyst according to Claim 9, wherein the 
chemical treatment is acid treatment, alkali 
treatment, salt treatment or organic substance 
treatment. 

11. The catalyst according to Claim 1, wherein the 
metallocene-type transition metal compound of 
component (A) is an organometallic compound 
composed of a cyclopentadienyl ring-contain- 
ing ligand and a metal of Group 4, 5 or 6 of 
the long-form Periodic Table. 

12. The catalyst according to Claim 1, wherein 
component (A) is a compound of the formula 
(1)or (2): 

RV(CpR 2 n )(CpR 2 n )MR3 2 (1) 
[RUCpR 2 n )(CpR 2 n )MR3R< } R 5 ~ (2) 

wherein each of (CpR 2 n ) which may be the 
same or different, is a cyclopentadienyl group 
or a substituted cyclopentadienyl group, R 1 is 
a covalent bond crosslinking group containing 
an element of Group 14 of the long-form Peri- 
odic Table such as carbon, silicon or germa- 
nium, each of R 2 which may be the same or 
different, is hydrogen, halogen, a silicon-con- 
taining group, a C1-20 hydrocarbon group 
which may have a halogen substituent, an al- 
koxy group or an aryloxy group, provided that 
when two R 2 are located on two adjacent car- 
bon atoms on the cyclopentadienyl group, they 
may bond to each other to form a C4-6 ring, 
each of R 3 which may be the same or dif- 
ferent, is hydrogen, halogen, a silicon-contain- 
ing group, a C1-20 hydrocarbon group which 
may have a halogen substituent, an alkoxy 
group or an aryloxy group, m is 0 or 1, each n 
is an integer satisfying m + n = 5, M is a 
metal of Group 4, 5 or 6 of the long-form 
Periodic Table, R 4 is a neutral ligand coordi- 
nated to M, and R 5 ~ is a counter anion ca- 
pable of stabilizing said metal. 

13. The catalyst according to Claim 12, wherein 
the cyclopentadienyl group or the substituted 



cyclopentadienyl group of the formula CpR 2 n in 
the formulas (1) and (2) is a substituted 
cyclopentadienyl group, an indenyl group, a 
tetrahydroindenyl group, a fluorenyl group or 
5 an octahydrofluorenyl group. 

14. The catalyst according to Claim 12, wherein R 1 
in the formulas (1) and (2) is an alkylene 
group, an alkylidene group or a silicon-contain- 

70 ing crossliking group. 

15. The catalyst according to Claim 12, wherein M 
in the formulas (1) and (2) is titanium, zirco- 
nium or hafnium. 

15 

16. The catalyst according to Claim 1, wherein the 
organic aluminum compound of component (C) 
is a compound of the formula AIR 6 j X 3 . j wherein 
R 6 is a C1-20 hydrocarbon group, X is hy- 

20 drogen, halogen or an alkoxy group, and j is a 

number satisfying 0 < j ^ 3, or an aluminoxane 
compound. 

17. The catalyst according to Claim 16, wherein 
25 the organic aluminum compound is a trial- 

kylaluminum or an aluminoxane. 

18. The catalyst according to Claim 17, wherein 
the organic aluminum compound is a trial- 

30 kylaluminum. 

19. The catalyst according to Claim 1, wherein the 
weight ratio of the transition metal in compo- 
nent (A) to the aluminum in component (C), 

35 per gram of component (B), is 0.00001-1 (g): 

0.001-100 (g). 

20. A solid catalyst for polymerizing an olefin, 
which is formed by prepolymerizing an olefin 

40 in an amount of from 0.001 to 1,000 g per 

gram of the following component (B) by a 
product obtained by contacting (A) a 
metallocene-type transition metal compound, 
(B) at least one member selected from the 

45 group consisting of clay, clay minerals, ion 

exchanging layered compounds, diatomaceous 
earth, silicates and zeolites, and (C) an organic 
aluminum compound. 

50 21. A method for producing an olefin polymer, 
which comprises polymerizing or copolymeriz- 
ing an olefin in the presence of the solid cata- 
lyst for polymerizing an olefin as defined in 
Claim 20 and, if necessary, (D) an organic 

55 aluminum compound. 

22. The solid catalyst according to Claim 20, 
wherein the temperature of prepolymerization 
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is within a range of from -50 to + 100' C. 

23. The solid catalyst according to Claim 20, 
wherein the amount of the olefin polymer 
formed by the prepolymerization is from 0.01 5 
to 300 g per gram of component (B). 

24. A method for producing an olefin polymer, 
which comprises homopolymerizing or 
copolymerizing an olefin in the presence of a w 
catalyst consisting essentially of a product ob- 
tained by contacting (A) a metallocene-type 
transition metal compound, (B) at least one 
member selected from the group consisting of 
clay, clay minerals, ion exchanging layered 75 
compounds, diatomaceous earth, silicates and 
zeolites, and (C) an organic aluminum com- 
pound, and, if necessary, (D) an organic alu- 
minum compound. 

20 

25. The method according to Claim 24, wherein 
the olefin is at least one member selected from 
the group consisting of ethylene, propylene, 1- 
butene, 1-hexene, 3-methyl-1-butene, 3- 
methyl-1-pentene, 4-methyl-1-pentene, vinyl- 25 
cycloalkane and styrene. 

26. The method according to Claim 24, wherein 
the polymerization temperature is within a 
range of from -50 to + 250 " C. 30 

27. The method according to Claim 24, wherein 
the polymerization pressure is within a range 
of from atmospheric pressure to 2,000 kgf/cm 2 . 
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